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 Abstract 
 
The medieval and early modern periods in Norway and Europe were characterised by 
economic, social and environmental change. In particular, famines, epidemics, economic 
decline and climate change had effects on agriculture, population size, subsistence and 
health. The impact of environmental and social variables on human health has become 
increasingly prominent in the research literature. This research contributes to a broader 
understanding of the interactions between human health and our environment by studying 
a skeletal sample from 12th-17th century Norway and comparing it to a number of other 
skeletal samples from medieval and early modern Europe.  
 
Utilising a sample of human skeletal remains from the Library site in Trondheim (Norway),  
and data on pathological lesions from 38 European sites, this thesis quantifies the effects of 
these factors. The Library site sample was assessed for sex; age; stature; a number of 
skeletal lesions and abnormalities, including dental caries, alveolar defects of pathological 
origin (ADP), ante-mortem tooth loss (AMTL), cribra orbitalia (CO), linear enamel 
hypoplasia (LEH), and non-specific signs of infection (NSI); and evidence for specific 
infectious diseases, such as syphilis and leprosy. The impacts of sex, phase and age on the 
frequencies of pathological lesions in the Library site sample were analysed and compared 
to those frequencies from the other European samples.  
 
Examinations revealed a complex picture of health and wellbeing during these periods. 
Results indicated significant differences between the sexes in a number of instances, with 
higher frequencies of dental caries, LEH and NSI in males, and significantly higher 
frequencies of AMTL and CO in females. Prominent differences in frequencies of dental 
caries and LEH were also observed across the phases. It is likely that the majority of these 
differences were linked to social or biological factors, such as diet, which may be indirectly 
linked to environmental factors. Examinations also found evidence for endemic syphilis 
and probable leprosy in the Library site sample.  
 
Comparisons of the skeletons from the Library site to the others from Europe 
demonstrated that the health of the population from Trondheim was comparatively good, 
with the exception of high levels of NSI. Groupings of the skeletal samples in clusters by 
site were also apparent, probably influenced by common economic, social and dietary 
pressures.  
 Finally, statistical modelling of the data from all the samples revealed significant 
relationships between pathological lesions and social and environmental variables. In 
particular, diet and settlement type were found to have a number of significant 
relationships with pathological lesions. Specific diets and settlement types were also 
associated with significantly higher frequencies of certain lesions. Modelling relative to 
latitude resulted in a single significant relationship with stature, whilst analysis of other 
environmental variables resulted in few significant relationships with pathological lesions. 
Further statistical modelling with a greater sample size, the inclusion of more variables and 
known data from historical documentation could produce a greater number of significant 
results when assessing these relationships. However, the complexities of these relationships 
are perhaps better served by a multi-disciplinary approach like the one taken here, rather 
than statistical modelling in isolation.    
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Chapter One 
Introduction    
 
The medieval and early modern periods in Scandinavia and Europe were times of great 
contrast, with agricultural and economic prosperity, as well as famine, crises and plague. 
These periods formed the backdrop to a number of important events crucial to the human 
experience at this time, particularly in Europe. The Medieval Warm Period (MWP) brought 
with it improved agricultural conditions in many places in Europe around the 10th to 13th 
centuries.  This was almost immediately followed by the Little Ice Age (LIA) which 
extended until the 18th century in some areas, and was characterised by randomised years of 
cooler winter temperatures, glacial advances and land abandonment (Grove 2004).  
Numerous famines and epidemics also ravaged Europe, including the bubonic plague in 
the 14th century, which lead to widespread mortality and depopulation. This was a difficult 
time for the inhabitants of Europe, particularly for northern countries such as Norway, 
which appear to have been among the hardest hit by these changes.  
 
Many historians have suggested that these conditions, particularly in northern Europe, 
would have had a detrimental impact on population size, methods of subsistence and 
human health (Fagan 2000, Lamb 1995, Grove 2004, Steckel 2004). This is particularly 
relevant considering that Norway experienced great social and cultural upheaval 
throughout these periods (Holt 2007), not least of which was caused by the bubonic plague 
(Anderson et al. 1986). For instance, Trondheim, the former capital of Norway,  was the 
centre of the archbishopric of Nidaros from the 12th until the 16th centuries. As an 
ecclesiastic and mercantile centre it experienced great prosperity during the 11th to 12th 
centuries but fell into an economic and demographic decline from the 13th century onwards 
(Long 1975, Holt 2007).  
 
The impact of the LIA on infectious disease loads and health amongst European 
populations has been discussed previously (Appleby 1980, Fagan 2000, Reiter 2000, Lamb 
1995, Steckel 2004). Some scholars have argued that the deterioration of climate in Europe 
correlates with an increased frequency and occurrence of specific diseases and death among 
human populations. They assert that this resulted from the direct impacts of cold on 
human health and the frequency and types of infectious disease, as well as the social and 
environmental adaptations related to temperature change (Fagan 2000, Lamb 1995). 
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Very few studies of skeletal remains have focused specifically on the effects of 
environmental variables on disease loads and health in past populations (e.g. Steckel 2004, 
Koepke and Baten 2005, Oxenham and Matsumura 2008, Drake and Oxenham 2013, 
Oxenham, Matsumura and Drake 2013, Williams 2013). Climate, and the variables that 
comprise it, plays an important role in disease maintenance and spread (Drake and 
Oxenham 2013). This is particularly true for a number of tropical diseases, especially those 
that are insect-borne, with many insects and parasites relying on specific temperature 
ranges for gestation and survival (Dunn 1993, Mascie-Taylor 1993, Khasnis and Nettleman 
2005). In the current context of climate change, a number of diseases are expected to 
spread in the coming years beyond their previous geographical limitations, due to global 
warming (Epstein 2001, McMichael, Woodruff and Hales 2006, McMichael and Butler 
2009, McMichael 2010, McMichael and Dear 2010). 
 
This said, we cannot solely rely on the impact of climate to explain changes in health and 
disease. A number of other factors can have a major influence on disease loads and health, 
such as sanitation, diet, settlement type and demographic changes. There is also a link 
between climate change and the success of agriculture and thus, the potential for food 
restrictions which could adversely affect health. All of these factors work directly and 
indirectly to impact on human health. 
1.1 Aims 
The research presented here attempts to analyse the health of European populations, with 
a particular focus on a palaeopathological analysis of Norwegian health during the medieval 
and early modern periods. Additionally, the research will seek to place Norwegian health 
within the context of the environmental, social and economic changes that were occurring 
both in Norway and across Europe during these periods. This research will also attempt to 
assess the relationship between these variables and human health in this population and 
others. 
 
Utilising the research conducted on a site dated to medieval and early modern Norway and 
other European samples, this thesis aims to answer the following specific questions: 
 
 What do examinations of skeletal manifestations of health and disease in a 
Norwegian population tell us about the health of this community? 
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 What infectious diseases were present in a Norwegian population during the 
medieval and early modern periods? 
 How does the collective health of individuals from the Norwegian and other 
European populations compare to one another? 
 What social, economic and environmental changes could have affected health at 
this site? 
 Could there be a relationship between environmental or social variables and 
pathological variables in this sample and more broadly, across Europe for this 
period? 
 What other factors could have affected health in this Norwegian population and 
others? 
 
In order to address these questions, the frequencies and types of skeletally-evident 
pathological lesions were assessed in adult individuals excavated from the 12th-17th century 
Library site (Folkebibliotekstomt) in Trondheim, Norway. Whilst some osteological 
examinations have been carried out previously on these individuals (Anderson et al. 1986, 
Anderson and Göthberg 1986, Anderson 1988a, Anderson 1988b, Beyer-Olsen 1989, 
Beyer-Olsen and Risnes 1993, Beyer-Olsen, Bang and Sellevold 1994, Beyer-Olsen and 
Risnes 1994, Beyer-Olsen and Alexandersen 1995, Mays et al. 2006), many questions remain 
regarding the types of diseases present in the population and the frequency of pathological 
lesions.   
 
Differences within each phase of the sample by age and sex are analysed, as well as 
differences across the major phases of the site. Specifically, indicators of nutritional 
deficiencies and physiological stress, pathological lesions of the dentition and skeletal 
changes consistent with infectious diseases are assessed, along with diagnoses of specific 
infectious diseases present within this sample. The indicators of health and disease 
examined within this thesis include stature, dental caries, dental abscesses, ante-mortem 
tooth loss, cribra orbitalia, linear-enamel hypoplasia, non-specific signs of infection and 
evidence for specific infectious diseases. 
 
Previously collected data from medieval and early modern skeletal samples in Europe and 
the Mediterranean are utilised (see Chapter Three, section 3.3). Data are drawn from 38 
separate samples, including published data from the west front of Nidaros Cathedral in 
Trondheim, dated from the 18th and 19th centuries (Reed et al. 1998), in order to gauge any 
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differences in the city over time. Data on the frequencies of pathological lesions present in 
these samples are used to gain a better understanding of the Library site within the context 
of other contemporary European samples, the differences between geographically and 
climatically diverse locations, and whether these patterns were affected by these or other 
factors, such as diet or urbanisation.  
 
The frequencies of skeletal lesions and abnormalities in these samples are compared to one 
another and to the Library site. Based on this comparison and the historical context for 
varying frequencies of pathological lesions, health differences between the samples are 
discussed, particularly in the context of economic, social and environmental change. Data 
are also presented on social and environmental variables relating to these samples, and the 
relationship between these and pathological variables is examined. These variables include 
settlement type, diet, climatic period, climatic classification (specifically, Köppen climatic 
classification), latitude, distance to coast and elevation. The results of this analysis are then 
used to provide a context for discussions of the effects of these and other factors on health 
and disease loads.  
1.2 Concepts of health and disease 
Given the emphasis of this study on the health and levels of disease in a past population, 
established through palaeopathological reconstruction, it is first important to determine 
what we mean by health, bioarchaeology and by extension, palaeopathology, and the 
limitations of such a reconstruction.  
 
The World Health Organization classifies health broadly as "...a state of complete physical, 
mental and social well-being and not merely the absence of disease or infirmity" (WHO 1948). Broadly, 
according to the definition by Buzon (2012), bioarchaeology is the study of the human 
skeleton, in the context of an interdisciplinary approach taking data, methods and insights 
from related disciplines into account. Within this, palaeopathology is focused on the 
investigation and reconstruction of health and disease in past human populations 
(Goodman and Martin 2002, Buzon 2012). These definitions are broad, and in 
palaeopathology, further confounded by the impact of the "osteological paradox." 
 
The osteological paradox was first posited by Wood et al. (1992), who stated that there are 
three fundamental problems which confound attempts to interpret frequencies of skeletal 
lesions in past human populations and to infer a direct relationship to the health status of 
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that population. These are: demographic non-stationarity, selective mortality and 
individual-level heterogeneity in the risk of disease and/or death (Wood et al. 1992). 
Specifically, the argument concerning selective mortality contends that rather than a sign of 
sickness, the presence of skeletal lesions can indicate a healthy individual. Due to the length 
of time needed for immune responses to form bony lesions, the presence of lesions may 
indicate that the individual survived for some time, despite the disease and thus possessed a 
level of disease resistance. Conversely, the absence of lesions may indicate that an 
individual succumbed to disease prior to an immune response. Today, the osteological 
paradox is a crucial aspect of bioarchaeological study which must be considered within this 
and other research. In order to help address the issues raised by the osteological paradox, 
Siek (2013) suggests the adoption of differential diagnoses and comparative analyses, in 
order to assist in identifying causative pathological conditions. Both of these techniques 
have been adopted here, and the challenges identified by the osteological paradox have 
been at the forefront of analyses and conclusions drawn from the data.    
 
Agarwal and Glencross (2011) strongly advocate the use of a biocultural model in 
interpreting palaeopathological data, which interprets indicators of health and disease 
through a lens of social, cultural and physical changes. The research presented here firmly 
sits within what Agarwal and Glencross (2011) note as the "third wave of engagement," in 
that this research seeks to integrate numerous elements into the analysis, including the 
biological, behavioural, ecological and social aspects of the population's life history. 
However, confining interpretations of the data to a biocultural model limits the valuable 
contributions of other disciplines outside this sphere. This misses the crucial point made by 
Larsen and Walker (2010), that the most successful bioarchaeological research incorporates 
insights and ideas drawn from across a wide variety of relevant disciplines.  
 
This research attempts to cover all these aspects by viewing the body as a product of 
human action (Sofaer 2006), in that it is an indicator of activity patterns, social status and 
roles, living environments and infection and diet. Secondly, this research takes this notion 
and extends it into the natural world, taking into account climate and other environmental 
factors. Whilst a clear model would potentially tighten analyses, and demonstrate how 
variables can interact, this was not utilised here due to the exploratory nature of the 
research. The incorporation of the above fields, particularly palaeoclimatology, into 
palaeopathological analyses is relatively recent. While the use of a biocultural or 
environmental model would have been helpful for addressing the prevalence of stress-
related disease, and is certainly the grounding framework for subsequent analyses, these fail 
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to take factors outside their respective models into account and would not have allowed for 
the freedom in interpretation that is employed in this research.  
1.3  Thesis structure 
Following this introduction, a brief history of Trondheim is presented, along with a 
summary of the bioarchaeological research that has previously been undertaken in 
Trondheim (Chapter Two), particularly that which pertains to health and disease. This 
chapter also discusses the agricultural, environmental and economic changes that took 
place across this period in Trondheim, Norway and in Europe more generally. The 
presence of epidemics and the role they played in shaping the medieval and early modern 
periods is reviewed, as is the occurrence of widespread and recurrent famine. Evidence for 
climate change, specifically for the LIA in Norway and Europe is discussed, along with the 
impacts that this climatic change had on agriculture, health and society in Norway and 
Europe more generally. 
 
Chapter Three discusses the primary sample (from the Library site) and other European 
samples utilised in this research. This chapter outlines the research conducted on each 
sample, as well as a brief excavation history. Following this, the methodological framework 
utilised in this research is summarised (Chapter Four). This covers all aspects of the 
fieldwork and data collection, and subsequent analysis of the primary and secondary 
samples and includes all relevant information pertaining to sex and age determination, 
stature estimation, dental examinations, pathological lesions and abnormalities, differential 
diagnoses and statistical analyses. The exception to this is the method for the data 
collection and statistical analyses used in Chapter Ten, which is discussed within that 
specific chapter. This is due to the complexities involved in the analysis. 
 
Chapters Five to Ten provide the results and associated discussion for the analyses 
undertaken on the primary and European samples in the context of environmental, social 
and economic change. The demographic profile and preservation of skeletal material from 
all phases of the Library site are presented in Chapter Five, along with the results of stature 
estimation for the entire sample, and a comparison with stature estimations from the other 
European samples. Chapter Six presents results of the analysis into oral health, including 
presence of dental caries, ante-mortem tooth loss (AMTL) and alveolar defects of 
pathological origin (ADP). These results are presented primarily for the main phases (B and 
C) and combined phases (A, B and C) of the Library site sample. The results of these 
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analyses are discussed both individually and in comparison to one another and the 
European samples. These comparisons are accompanied by statistical analyses.  
 
Chapters Seven and Eight continue in this format and present the results of the 
examination for skeletal indicators of nutritional deficiencies and physiological stress, such 
as linear enamel hypoplasia (LEH) and cribra orbitalia (CO), and for non-specific infection 
(NSI). The results of differential diagnoses conducted on individuals from the Library site 
are outlined in Chapter Nine, which also discusses the evidence from the sample for 
specific infectious diseases in the context of historical data from Trondheim itself, and data 
from Norway and Europe more broadly. These chapters also include discussions of the 
results and attempt to contextualise them in the context of medieval and early modern 
Europe and the social, agricultural and environmental changes of the period. 
 
Finally, to conclude the results portion of this dissertation, Chapter Ten presents a 
statistical analysis of the pathological lesions across all samples, relating these to a number 
of environmental and social variables including  diet, settlement type, climatic classification, 
climatic period, distance to coast, elevation and latitude, in order to ascertain any 
relationship between these and the frequencies of pathological lesions.  
 
Lastly, Chapter Eleven discusses the main findings more broadly, comments on the 
implications for our understanding of disease and health in medieval and early modern 
Europe, and on the potential role of social and environmental factors and variables in 
affecting the results. Suggestions are made as to areas of further research and interest. 
1.4 Significance 
The study of bioarchaeology, and specifically, palaeopathology, has grown in prominence 
over the years. Palaeopathology can help to explain past health and disease loads in a way 
that historical documentation and archaeology cannot, through direct examinations of the 
manifestations of disease and physiological stress on skeletal remains. Thus, this research 
further contributes to our understanding of how communities lived and died. Despite this, 
there are significant gaps in the English-language literature in a number of key areas. Firstly, 
studies of many of the continental European skeletal samples of interest are only published 
in their native languages. In discussions of European bioarchaeology in English, these 
samples are greatly under-represented. Secondly, there remains a vast trove of Scandinavian 
skeletal data available to the bioarchaeologist that remains unassessed in terms of skeletal 
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indicators for health and disease. Trondheim is an important medieval city for which a 
great deal of material is available for assessment, but which has not yet been studied to its 
fullest potential. Given the lack of assessed samples in Norway, and Trondheim's unique 
role in Norwegian history, the study of this sample is important in understanding the 
history of Norway during the medieval and early modern periods and the broader role the 
city played in Europe. 
 
The challenges faced by communities during the medieval and early modern periods have 
been the subject of significant historical research. Research exploring the social, economic 
and environmental changes of this period generally have not utilised the evidence from 
bioarchaeological studies to supplement and support that taken from historical 
documentation (Appleby 1980, Reiter 2000, Steckel 2004, Zhang et al. 2011a, Dybdahl 
2012). Palaeopathological examinations can make valuable contributions to this field, and 
this is beginning to be recognised in recent scholarship, including Williams' (2013) research 
into the bioarchaeological evidence for health in Europe during the Little Ice Age, which is 
complementary to the present study. 
 
Finally, the role of environmental and social variables in affecting human health is a topic 
which is garnering increasing exposure, particularly given the growing awareness of 
anthropogenic climate change and the present and future ramifications of these changes. 
Whilst climate itself is multi-faceted, analyses of health relative to latitude, climate 
classification and other such environmental variables can assist in revealing the ways in 
which human communities coped with threats to their health and wellbeing, and similarly 
how infective microorganisms adapted to changes in their environment. This is also the 
case for social variables, such as urbanisation, diet, sanitation and population growth, which 
can reveal human adaptations to these changes and if these affected human health and 
ultimately, survival. Determining the relationship between social and environmental 
variables and health in the past elucidates both interactions between human health and the 
environment, and other influences on health in the past and in the present. 
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Chapter Two 
Literature Review    
 
The medieval and early modern periods in Norway and across Europe were tumultuous, 
with times of both prosperity and hardship. This variety of experience has, over time, been 
attributed to a number of social, environmental and economic factors. Extensive research 
on the history of Europe, particularly with reference to social and economic change, the 
Great Famine of the 14th century and the general crisis of the 17th century, has been 
undertaken in modern times. In the case of Norway, research on the life and health of 
individuals and communities within these periods is quite scarce, and palaeopathological 
analyses scarcer still. Advances over the last 20 years into the study of palaeoclimatology 
have led to reconstructions of medieval and early modern climates. Previously, only those 
regions for which climatic data had been fastidiously recorded were able to be assessed for 
climatic changes, and many of these records had only been kept for approximately the last 
two hundred years.  
 
This chapter seeks to frame the palaeopathological analyses to follow in the context of 
previous palaeopathological research on Trondheim, the history of the town and the 
history of environmental, social and economic change that took place in Europe over the 
time period of the chosen comparison samples, i.e. particularly the 7th to 18th centuries. 
Firstly, a brief history of Trondheim will be outlined, followed by a summary of diet in 
historical Scandinavia and the palaeopathological analyses conducted on remains from the 
town. A description of the diet in Scandinavia during this period is provided in order to 
better assess the Norwegian skeletal material presented in this study against other 
European contemporaneous samples. Where possible, information relating to settlement 
type is provided later in the text according to site, but data pertaining to trade and 
population density were difficult to ascertain from the archaeological record. Given the 
strong historical and archaeological evidence for dietary patterns at many of these sites, and 
the influence of climatic changes on agriculture and thus, diet, this data were included in 
order to provide a greater context for any changes in health occurring over time in Norway. 
The occurrence of climatic changes from around the 10th to 18th centuries, known as the 
Medieval Warm Period (MWP) and the Little Ice Age (LIA) will then be discussed. 
Palaeoclimatological and historical evidence, particularly for the LIA, will be presented 
here, along with the effects of these climatic changes on agriculture, disease and human 
populations. Finally, the great social and economic upheaval during this period across 
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Europe, and the impacts on Norwegian and European communities will be discussed. 
Specifically, evidence for population growth and decline, epidemics such as the Black 
Death and the impact of the Great Famine will be presented.  
2.1 A brief history of Trondheim 
Trondheim is situated on the west coast of Norway, in the municipality of Sor-Trøndelag. 
Figures 2.1 to 2.3 illustrate the location and topography of Trondheim and the surrounding 
area. Also known as Nidaros during the middle ages, Trondheim was the capital of Norway 
until AD 1217. Trondheim lies on the southern shore of Trondheimsfjord and is currently 
the fourth largest city in Norway. The climate of Trondheim is classified as maritime, but 
due to its position in the fjord is somewhat sheltered from the North Atlantic winds that 
batter the rest of Norway’s western coastline. Under the Köppen climatic classification 
system, this area of Norway is classified as cooler humid (Times-UK 2013), with constant 
rainfall and less than four months of the year with an average temperature of over 10˚C 
(Times-UK 2013). The current mean annual temperature for Trondheim by month, ranges 
from a minimum of -4.1°C to a maximum of 19.7°C (Meteorologisk-Institutt 2014), with 
122 days per year with a minimum temperature below 0°C. However, it is likely in the past 
that Trondheim was in fact cooler than this, as Sor-Trøndelag has experienced a 
temperature increase of almost 2°C over at least the last 25 years (Meteorologisk-Institutt 
2014). 
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Figure 2.1: Topographic map of Norway illustrating regions, modified to highlight the location 
of Trondheim. Source: Ezilon.com 
 
 
 
Figure 2.2: Topographic map of Trondheim. Source: Topographic-map.com 
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Figure 2.3: Trondheim. Photo taken pointing north-east across the River Nidelva. Source: 
Author's own. 
 
Trondheim was established in approximately AD 997 by King Óláfr Tryggvasson as a 
trading post, and was considered a gateway city from the sea, which acted to link the 
regional economy with a wider European economy. Figure 2.4 illustrates this event, along 
with other important social and climatic events relevant to Trondheim and Norway to be 
discussed later in this chapter. Both the saga literature and archaeological evidence 
confirms this date for settlement of Trondheim (Long 1975, Christophersen 1989a, 1989b, 
Holt 2007). The sagas of Norway are filled with tales of people travelling through the city 
and these make it clear that Trondheim would have been part of an important sea and land 
route through Norway (Long 1975).  
 
In AD 1152, the establishment of the Norwegian archbishopric in Trondheim led to an 
increase in construction, particularly of religious buildings. These included the prominent 
Nidaros cathedral and 13 other churches (Holt 2007) as the city became the centre of 
religious pilgrimage for Norwegians. Trondheim has a unique role in the history of 
Norway, partially due to its brief role as the capital, and as the city of St Óláfr, a king of 
Norway and the country’s national saint. This relationship began with the replacement of 
Håkon Sigurdsson (the de-facto ruler of Norway) by Óláfr Tryggvasson in AD 995, who 
then became King of Norway. After his return from battle, the sagas, particularly those of 
Snorri Sturlvson who based much of his writing on the Icelandic writer Oddr Snorrason, 
describe his conversion to Christianity and his attempt to introduce the religion in Norway 
(Long 1975).
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900 - Beginning of the MWP in Scandinavia 
(approx.)
997 - Founding of Trondheim, capital of 
Norway
1100 - End of the MWP and beginning of land 
abandonment in Scandinavia (approx.)
1157 - Trondheim becomes the seat of the 
Catholic Archdiocese of Nidaros
1217 - Bergen becomes capital of Norway
1250 - Centralisation of Lübeck stockfish trade 
in Bergen
1275 - Economic decline begins in Trondheim
1300 - Beginning of the LIA and population 
decline in Scandinavia (approx)
1315 - Flooding and crop failures across 
Europe; 
the Great Famine begins
1339 - First reports of damage from glacial 
advancement In Norway
1349 - Population of Norway approx 350,000;
Arrival of bubonic plague to Norway
1359 - Smallpox outbreak in Trondheim
1371 - Smallpox outbreak in Trondheim
1384 - Restrictive Trade Decree enacted
1400 - Decrease in the cultivation of wheat and 
rye (approx)
1450 - Population of Norway approx 125,000
1500 - Settlement increases and arrival of 
syphilis in Norway (approx)
1537 - Trondheim becomes the seat of the 
Lutheran Archdiocese of Nidaros;
Catholic Archbishop's exile to the Netherlands
1600 - General Crisis of the 17th Century 
begins
1651 - Significant fire event in Trondheim
1681 - Significant fire event in Trondheim
1700 - End of the LIA in Scandinavia (approx)
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
 
Figure 2.4: Timeline of important social and climatic events in Trondheim and Scandinavia
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Sor-Trøndelag is a fertile and arable district well suited to agriculture, which was able to 
maintain a large rural population during the medieval period, and presumably, the city’s 
population also. It has been estimated that the population of Trondheim fluctuated 
between 1200 and a few thousand people during the medieval to early modern periods 
(Anderson et al. 1986).  
 
However, it is apparent from historical sources that Trondheim's prosperity did not endure 
and was followed in the late 13th century with economic decline (Holt 2007). Holt (2007) 
argues that the expansion of Trondheim halted in the mid 13th century and went into 
decline after approximately AD 1275. There is a dramatic decrease in the archaeological 
evidence for buildings and artefacts from this period. Only two of 12 churches built during 
this period were still present by the end of the Reformation (Long 1975), indicating both 
the loss of the archdiocese of Norway after the introduction of Lutheran Protestantism in 
AD 1537 and the Archbishop's exile to the Netherlands, and more widely, the city's 
economic decline. Christophersen (2001), in his work on the urban landscapes in medieval 
Norway, notes that during AD 1150-1350, the economy-related ‘front buildings’ increased 
both in number and size in Trondheim. Thun (2005) notes that his research dating 
medieval and post-medieval timber constructions in Norway, utilising Pinus sylvestris L. tree 
ring chronologies, suggests that the Black Death of AD 1349-1350 may have contributed 
significantly to the lack of building activity for 60 years from the mid 14th century. 
Confirmation of building numbers and patterns during this period is made even more 
difficult by a number of fires that swept through the town after the medieval period, the 
worst being in AD 1651 and 1681. After these events, Johan Caspar Von Cicignon entirely 
replanned and rebuilt Trondheim to help prevent future large-scale fires and create a more 
open city (Galloway 1978), which also makes assessment of medieval and early modern 
building distribution difficult. 
 
The virtual disappearance of coinage in the 12th to 13th centuries was probably a symptom 
of the economic decline that took place in Trondheim. Minting in Trondheim did exist 
during this period (McLees 1994), though the means available to do so were quite limited 
(Holt 2007). While currency was not a common means of exchange in earlier periods, it 
became even less common during this period of economic decline. Rents and taxes all 
would have been paid for in valuable commodities, such as stockfish, hides and butter 
(Holt 2007), further depleting these resources both for consumption and export.  
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One postulated reason for the economic downturn was the increasing monopoly of Bergen 
in the prospering fish trade. It has been argued that the economy of Trondheim was not 
diversified enough to cope with this loss in the trade of fish (Holt 2007). The Hanseatic 
merchants of Lübeck centralised their trade of stockfish in Bergen in the middle of the 13th 
century, completely dominating the industry by the middle of the following century 
(Christensen and Nielssen 1996). The economy of Trondheim was not able to cope with 
this significant loss in trade, particularly as many of its other industries remained 
underdeveloped. Craft activity in Trondheim appears to have remained underdeveloped, 
and was probably only carried out for household use rather than for trade (Holt 2007). This 
is also supported by the number of loom weights recovered from excavations over time, 
which would appear to suggest manufacture of low quality cloth that would have been 
reserved for household use, given the low level of technology utilised (Nordeide 1989a). 
The restrictive trade decree, enacted in AD 1384, also would have contributed to 
Trondheim's economic decline (Anderson et al. 1986).  
 
Despite the large rural population of Sor-Trøndelag, the rents collected from holdings were 
quite small, compared to contemporary European standards (Holt 2007). No forced labour 
or private jurisdiction existed (Holt 2007) and landholders did not have the authority to 
insist on payment of rent in cash. This would have further exacerbated the economic 
problem in Trondheim – those whom were most able to perform as consumers would 
have been unable to do so if their main income was only coming to them in the form of 
goods that they could either only consume or export.  
 
Outbreaks of disease in Trondheim were rife during this period. The most notable of these 
was the bubonic plague in AD 1349, which led to high mortality in the population and the 
death of the archbishop in October of that year (Anderson et al. 1986, Sawyer 1993). 
Outbreaks of smallpox occurred during the 14th century in the years AD 1359 and 
AD 1371, and it has been suggested that these may have contributed to poverty and, in 
turn, a downturn in living conditions and health (Anderson et al. 1986). It would seem 
reasonable to suppose that the population of Trondheim, particularly from the 14th century  
onwards, was impoverished and more susceptible to infectious disease (Anderson et al. 
1986). In addition, the occurrence of the Little Ice Age in the centuries that followed the 
14th century may well have exacerbated these economic conditions and contributed to a 
general decline in health.  
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2.2 Diet in medieval and early modern Scandinavia 
Rye, barley, oats and wheat were commonly grown in Norway at least up until the onset of 
the LIA, and historical texts suggest that the medieval diet was predominantly composed of 
cereal grains for the majority of the population (Rösener 1992, Adamson 2004). Barley and 
rye were the main cereal crops in Scandinavia, although barley was more predominant in 
Norway (Orrman 2003). Oats were an important local crop in Norway, as it was better 
adapted to a cold and wet climate and poorer quality soils, and was commonly grown with 
other crops (Orrman 2003). Arable cultivation around Trondheimsfjord was at its greatest 
concentration in the 13th century (Sawyer 1993), and the area around the coast of Norway 
would have also been suitable for the production of cereals important to the brewing of 
beer (Sjögren 2009). There is some evidence that more ale was consumed from the mid-
14th century onwards in England, along with wheat and animal protein (Dyer 1983), which 
may also be applicable to the Scandinavian experience. Grains were also used to make 
bread and porridge (Gaunt 1998, Orrman 2003, Adamson 2004). 
 
Numbers of livestock rose across Scandinavia from the 13th to 15th centuries, with cattle 
rearing becoming increasingly important for subsistence and trade (Gissel et al. 1981, Gaunt 
1998, Orrman 2003). Analysis of four medieval settlements in Sweden also revealed 
evidence for the consumption of barley, oats, wheat and rye, with sheep and goats the 
predominant form of livestock, followed by cattle (Svensson 2008). This also resulted in a 
change of diet, with an increased consumption of meat, and a decrease in serious food 
shortages due to considerable population decline following the Black Death (Dyer 1989). 
Dairy products contributed to the consumption of protein in the peasant diet, although 
they were rarely eaten in higher status households (Dyer 1983).  
 
Considering the importance of fishing to the economy of Trondheim and Norway more 
generally, it is unsurprising that fish, particularly cod and herring, were important 
supplements to the Norwegian and other Scandinavian diets (Sawyer 1993, Olsson and 
Isaksson 2008). Fish was served in a variety of ways, including raw, pickled, fermented, 
roasted and preserved (Johansen et al. 1986, Olsson and Isaksson 2008). Its cheapness and 
wide availability, particularly in coastal areas, probably encouraged its consumption (Dyer 
1983). Most importantly, stockfish, an air-dried and unsalted fish (generally cod, prior to 
the 16th centuries onward), was commonly consumed and was one of Norway's most 
important commodities (Holt 2007).  
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Analysis of plant remains from Erkebispegården, the archbishop's palace in Trondheim, 
recovered a large number of seeds from wild berries, figs and grapes, indicating that these 
foodstuffs were imported and consumed in the palace during the late medieval period 
(Sandvik 2000). However, it seems unlikely that these would have been commonplace in 
the diet of the majority of the Trondheim population. Research suggests that the 
consumption of fruit and other vegetables was uncommon in Sweden (Svensson 2008), but 
this was not necessarily the case for Trondheim during the high middle ages, since it seems 
likely that trade brought in a number of these items, even if they were only available to the 
wealthier citizens. Yoder (2010) suggests that most families in Denmark had access to a 
garden, which would have enabled them to grow certain vegetables including kale, onion, 
turnip, swede, cabbage, white-beet, mustard, hops and other root vegetables. Christian laws 
also placed restrictions on the types of food consumed in Norway, including prohibitions 
on the consumption of blood, horses and animals that had died from natural causes 
(Sanmark 2005). 
2.3 Palaeopathology in Trondheim 
Bioarchaeological research on the health, disease and pathological lesions affecting 
Norway’s past inhabitants has been very minimal to date. The majority of research 
conducted thus far has been on skeletal material from Trondheim. Here, a wealth of 
material has been excavated although only a small number of individuals have been 
assessed for the presence of pathological lesions, and only one small collection so far has 
been examined at length for multiple diseases and demography (Hughes 1998). Further 
confounding these efforts is the absence of historical accounts recording mortality rates for 
the medieval and early-modern periods in Trondheim (Ian Reed, personal communication, 
2016). 
 
Excavations on the Library site in Trondheim were conducted throughout the 1980s and 
use of the cemetery was dated to the 12th-17th centuries. Excavations at the Library site 
resulted in a report on the human remains, Olavskirkens Kirekegård (Anderson and Göthberg 
1986). This report contained initial assessments of the interments at the site, and is 
published in English and Norwegian. Anderson's (1986) interim osteological report, which 
comprises the first part of the publication, assessed preliminary findings from remains 
including the general state of preservation, age and sex of the individuals, stature and a 
preliminary mortuary analysis including position of the bodies and graves, coffins and grave 
goods. Following this, Göthberg's (1986) analysis discussed the context of the individual 
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burials, particularly within the phases and the distribution of women, men and children 
across the sample. Olavskirkens Kirekegård (1986) was intended initially to serve as a 
preliminary report, to be published as quickly as possible to provide immediate 
comparative material ahead of a more extensive analysis to come. This later analysis was 
never undertaken, though other analyses relating to the presence of specific diseases and 
pathological lesions and abnormalities have subsequently been carried out, adding to the 
picture of health in medieval Norway (Anderson et al. 1986, Anderson 1988a, 1988b, 
Beyer-Olsen 1989, Beyer-Olsen, Bang and Sellevold 1994, Beyer-Olsen and Risnes 1994, 
Beyer-Olsen and Alexandersen 1995, Mays et al. 2006).  
 
A number of studies published since excavation and the initial publication of the 
preliminary report focus on the dentition and evidence for osteoporosis in the Library site 
collection. Pre-maxillary hyperdontia was examined visually and radiographically in the 
portion of the sample dated to the 13th to 17th centuries (Beyer-Olsen 1989). Of these, two 
midline supernumerary teeth were found in two female individuals aged 15-16 years and 
35-45 years. Research has also been conducted on dental development (Beyer-Olsen and 
Risnes 1994), sex assessment from permanent tooth size (Beyer-Olsen and Alexandersen 
1995), tooth staining (Beyer-Olsen and Risnes 1993) and dental root dentine translucency 
(Beyer-Olsen, Bang and Sellevold 1994). 
 
Mays et al. (2006) have conducted research into the levels of osteoporosis in the medieval 
population of Trondheim. These have been selected from a sample covering a number of 
churchyards in Trondheim, for a total of 928 skeletons dated from AD 1100-1600. Of 
these, 63 males and 65 females, predominantly from the Library site, were chosen for 
inclusion. Measurements of bone mineral density were conducted at the femoral neck and 
Ward’s triangle (a radiolucent and fracture prone area within the femoral neck). These were 
compared to a modern comparison group and Wharram Percy, a medieval English village 
dated from the 10th to 16th centuries. No great difference was found between the two 
medieval samples, with bone mineral density found to be higher amongst males than in 
females as a whole across the sample groups (Mays et al. 2006). Fractures amongst women 
at the wrist and spine appeared to be higher in the Trondheim sample, and this was 
attributed to a difference in surfaces present at both locations. The cobbled or stone 
surfaces of Trondheim, coupled with slippery conditions caused by ice and snow would 
have made falls more likely, whilst Wharram Percy surfaces more likely consisted of grass, 
earth and mud (Mays et al. 2006).  
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One of the published articles on individuals from the Library site centred on a 40-50 year 
old male (SK238), who presented with two cuneiforms on both the right and left sides 
(Anderson 1988a). This was suggested as being evidence for long standing non-union of 
the cuneiform, with lesions representing unsuccessful fusion (Anderson 1988a). Anderson 
(1988b) also undertook a review of calcaneus secundarius, which is presented by a notch in 
the dry bone of the calcaneus. His research showed no variation with sex and age, but did 
point to a slightly higher frequency in samples dated from the 12th to 13th centuries (6.25%) 
than those from the 13th to 17th centuries (4.3%). It is possible that this trait may be 
inherited on a multifactorial basis (Anderson 1988b).  
 
Anderson et al. (1986) also examined the presence of possible endemic syphilis in four 
skeletons from the site in more depth. They considered that it was probably endemic 
syphilis due to the geographical limitation of yaws and the skeletal lesions present in these 
cases (Anderson et al. 1986). Anderson et al. (1986) noted that no skeletons from the 12th to 
15th centuries displayed evidence for treponemal infection.  
 
Other sites in Trondheim for which there are palaeopathological reports include Nidaros 
Cathedral and St Gregory's Church. Nidaros Cathedral will be utilised as a comparison 
sample in the present study, and further details relating to examinations carried out can be 
found in Chapter Three. In regards to St Gregory's Church, analyses on the sample have 
been limited. The skeletal material from St Gregory's Church is dated from AD 1150-1350, 
with the churchyard in use until AD 1550 (Hanson 1986). Reconstruction of the frequency 
of linear enamel hypoplasia (LEH) and stature were conducted on the sample (Hanson 
1992, Hanson and Miller 1997), though in the case of LEH, it is only confirmed that the 
sample is from Trondheim, not specifically St Gregory's Church. Levels of LEH in this 
sample were found to be higher than in any of other samples from Denmark and Norway 
that were assessed in the same study (Hanson and Miller 1997). Hanson and Miller suggest 
that this may be interpreted as a mark of survival and adaptation (Hanson and Miller 1997). 
Besides these examples, no other extensive analyses have been undertaken on the skeletal 
remains excavated in Trondheim.  
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2.4 Climate change and the Little Ice Age (LIA) in medieval and early modern 
 Europe 
2.4.1 Evidence for the LIA in Europe including Norway 
A great deal of research has been conducted on the climate of Europe during the medieval 
and early modern periods, particularly in relation to the climatic changes that occurred 
during this period. The majority of analyses have centred on methods such as the analysis 
of the GISP2 cores from the Greenland Ice Sheet Project, dendrochronology and 
dinoflagellate cyst analysis (Nesje 1992, Thorsen and Dale 1997, Lauritzen and Lundberg 
1999, Mikalsen, Sejrup and Aarseth 2001, Nesje et al. 2008, Helama, Timonen, Holopainen 
et al. 2009, Rørvik et al. 2009, Kirchhefer et al. 2010).  
 
During the middle ages, the populations of Europe purportedly experienced extremes in 
weather conditions, beginning with the Medieval Warm Period (MWP), a time of great 
agricultural prosperity, when farmland was extended and crops were grown in previously 
unfarmed regions (Lamb 1995). Following this, the Little Ice Age (LIA) affected 
Scandinavia from approximately the 13th to 17th centuries in the form of glacial advances 
and generally cooler summer temperatures. Historical and palaeoclimatic evidence suggests 
that climatic change occurred throughout Europe in the past millennium, both in the form 
of warming and cooling. A number of studies utilising analyses of ice cores from the 
Greenland ice sheet, sediment cores and tree ring data reconstruction, agree that warming 
and cooling occurred during this period, though the degree of change presented by these 
studies is variable. The results of these studies indicate a range of potential temperature 
changes, from 1.0-2.5°C of warming during the MWP, and 0.2-2.0°C of cooling during the 
LIA (Nesje 1992, Mayewski et al. 1993, Dahl-Jensen et al. 1998, Thorsen and Dale 1998, 
Lauritzen and Lundberg 1999, Crowley and Lowery 2000, Nesje and Dahl 2003, Grove 
2004, Matthews and Briffa 2005). Temperature was also not the only major indicator of the 
LIA, with research suggesting that glacial advances in Scandinavia began prior to the 
beginning of the LIA in continental Europe, occurring from the 14th century onwards 
(Nesje et al. 2008).  
 
Determinations of the timing of the LIA and MWP appear to be highly dependent on 
geographical location, with evidence suggesting that Greenland, Iceland and Scandinavia all 
experienced the effects of climatic change before the rest of continental Europe (Brown 
1994, Grove 2001). Specific climatic indicators have been extensively analysed in order to 
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define the dates for the beginning and duration of both the LIA and MWP.  These studies 
consist predominantly of analyses of data from northern Europe and Greenland and are 
presented here in chronological order.   
 
Initial studies of continental air masses evidenced in the Greenland Ice Sheet Project 
(GISP2) cores appeared to reflect an onset of the LIA in AD 1391 and an end around AD 
1846 (Mayewski et al. 1993), though later analysis of these cores and marine sediment 
records indicated glacial advances and periods of exceptional cold occurring in the 13th and 
14th centuries (Grove 2001). 
 
Data from sediment core temperature reconstructions in Finland suggested a date for the 
end of the MWP around AD 1300 (Seppä and Birks 2002), whilst tree ring records from 
northern Sweden demonstrated that temperatures began to deteriorate in that area as early 
as the beginning of the 12th century (Grudd 2008). Dendrochronological analysis of 
summer temperatures using Pinus sylvestris records from Norway also indicated the coolest 
period occurring from the 14th to 19th centuries, and a period of warmth from the 10th to 
12th centuries (Helama et al. 2009). Analysis of Pinus sylvestris density during these periods 
indicated periods of cool summers between AD 1375-1475 and AD 1600-1650, also 
consistent with the above postulated dates (Kirchhefer et al. 2010). Analyses of sediment 
cores from west Norway also confirmed a peak of the LIA around AD 1625 (Mikalsen, 
Sejrup and Aarseth 2001).  
 
Matthews and Briffa (2005) argued that the LIA climatic change was shorter than originally 
posed, putting forward dates of between AD 1570 and AD 1900, but noted that LIA 
glaciation occurred at a greater length, from AD 1300-1950. This was also confirmed by 
other reconstructions which placed the LIA from AD 1460 to AD 1920 (Mann and Jones 
2003, Nordli et al. 2003). While the effects of the LIA may have been felt into the early 20th 
century, glacial evidence from the Jostedalsbreen area in western Norway indicated a 
maximum glacial advance at AD 1748 (Nesje et al. 2008), and tree ring series from 
Sor-Trøndelag indicated that summer temperatures experienced a consistent rise in the first 
quarter of the 18th century onwards (Nesje et al. 2008). 
 
Studies of historical records and palaeoclimatalogical evidence also placed the beginning of 
glacial advances within the 13th and 14th centuries, depending on the area. For instance, 
historical records indicated severe damage to farms due to glacial expansion in parishes 
north of Jostedalsbreen (a glacier in northern Norway) in the early 14th century (Nesje et al. 
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1991, Grove and Switsur 1994). Dinoflagellate cyst analysis from the Norwegian coast 
indicated decreased proportions of Gymnodinium catenatum, a marine dwelling 
microorganism, in the AD 1350s and again in the AD 1600s (Thorsen and Dale 1998, 
Rørvik, Grøsfjeld and Hald 2009), which correlate well with dates for the beginning and 
the peak of the LIA in Scandinavia.  These analyses also suggested a period of glacial 
expansion in southern Norway from the 14th century, suggesting that a colder climate with 
colder sea-surface temperatures prevailed from the late 14th century onwards in Norway 
(Thorsen and Dale 1997).  
 
There is some contention as to whether the LIA represented a period of consistent cooling, 
or of intermittent changes in temperature. Kelly and O'Grada (2013) found little evidence 
of structural breaks in the weather of Europe from the 13th to the 20th century, suggesting 
that if any sustained temperature change did occur, that decreases in average temperature 
were less than 0.5°C. Briffa et al.'s (1990) study of reconstructed tree ring data from 
Northern Fennoscandia suggested that this period saw intermittent cool and warm periods, 
and that the LIA occurred in Fennoscandia between AD 1570 and 1650, with a similar 
standard deviation in temperature to the work of Kelly and O'Grada (2013). This research 
also presented evidence for a cool period in the first half of the 12th century and indicated 
that there was not a prolonged warm period, such as the MWP, at least in Fennoscandia 
(Briffa et al. 1990). Evidence from the Camp Century core of west Greenland also indicated 
that the LIA may have been interrupted by warmer periods (Grove 2004).  
 
Whilst the existence of some periods of cooling during the medieval and early modern 
periods does not seem to be in question, there does not appear to be consensus regarding 
the severity and major characteristics of the phenomenon. Some research has suggested 
that cold winters, rather than cool summers were characteristic of this period (Matthews 
and Briffa 2005), or alternatively that the LIA primarily related to glacial advancement, 
rather than climatic change in itself (Grove 2001). Generally speaking, current scholarly 
consensus is that the LIA was neither uninterrupted nor global (Matthews and Briffa 2005), 
although historical and climatic evidence would suggest that it certainly occurred in some 
form in Europe, and may have been characterised by decadal climatic anomalies (Bradley 
and Jones 1992, Briffa  et al. 1992, Hughes and Diaz 1994, Grove 2001). 
 
In summary, despite extensive research into climatic change in Europe for the past 
millennium, consensus has not been reached as to the dates for the onset of the LIA, nor 
the main characteristics of the climate during this period.  Temperature changes for this 
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period have been suggested as anything from 0.2-2.0°C cooler than current temperatures. 
Furthermore, whether the LIA consisted simply of long periods of cold winter 
temperatures, or was interrupted by warmer periods, remains to be definitively determined.  
 
Dates posed for the beginning of the LIA in Europe, excepting Scandinavia, are variable, 
with analyses suggesting the LIA occurred from the 13th to early 20th centuries  in 
continental Europe, with most evidence settling on dates between the 14th and 19th 
centuries. For Scandinavia, it would appear that the majority of research aligns in relation 
to the dates of onset and critical periods. The majority of evidence appears to place the 
LIA in Scandinavia from the 14th century, and that it is particularly aligned with glacial 
advancement. As for the rest of continental Europe, the majority of evidence suggests that 
the end began sometime around the 18th century. 
 
For the purposes of this analysis, the LIA will be considered to fit into the dates provided 
by Grove, with the MWP occurring from the 10th to 12th centuries and the LIA occurring 
from the 14th to 18th centuries in Scandinavia, which fits with the majority of current 
evidence regarding warming intervals and glacial reductions (Hughes and Diaz 1994, 
Crowley and Lowery 2000, Lamb 1995, Grove 2004). 
2.4.2 The effects of the LIA on medieval Europe  
Across Europe, the effects of the LIA ranged from minor to devastating, depending on 
geographical location. Ladurie (1972) has previously stressed the difficulties in attributing 
changes in crop yields to what would seem to be such a small temperature change, 
particularly when also considering the role of rainfall and the specificity of each by sub-
region. However, many authors have suggested the dire effects this kind of climate change 
would have had on Europe’s economy, agriculture, population and health (Appleby 1980, 
Brown 1994, Lamb 1995, Fagan 2000, Lamb 2011). Current research suggests that there is 
little evidence for any impact of the LIA on European fauna (Buckland and Wagner 2001). 
There is, however, historical data suggesting the detrimental effects of a reduction in tree 
lines and glacial advancements on European agriculture. According to Lamb (1995), this 
was indicated most predominantly in the records of harvest failures, rising prices, famines 
and the abandonment of crop growing, vineyards, farms and villages. Crops failed across 
Europe in AD 1315, leading to the Great Famine of the 14th century (Brown 1994). 
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The summer of AD 1315 saw incessant flooding in Europe that triggered mass crop 
failures, and was followed by widespread famine (Brown 1994). During this period, tree 
lines and arable margins receded, and abandonment of farms and entire villages began to 
occur (Brown 1994, Grove 2004). In the lowlands of Great Britain and continental Europe, 
a succession of cold winters produced extreme variations in crop yields during the 13th and 
14th centuries; and across Great Britain, there was a significant shift in the cultivation 
limit (Grove 2004). This probably contributed to the Great Famine and other famines that 
recurred frequently throughout the LIA. The effects of this could have been long-reaching 
and included malnutrition and increased susceptibility to infectious disease.  
  
It was primarily those countries in volatile, generally coastal areas, that were the most 
vulnerable to climate change, and to the effects of the LIA. Hales et al. (2003) have argued 
that generally, sensitivity of humans to cold (measured as the percentage increase in 
mortality per 1°C change in temperature) increases in warmer locations, with those already 
in cooler climates better able to adapt to prevent death in cold temperatures through social 
and behavioural adaptations. However, the historical evidence would suggest that generally, 
it was the marginal, higher latitude regions that suffered the most from the effects of the 
LIA. In fact, as the above evidence suggests, the LIA may well have begun in the North 
Atlantic far earlier than the remainder of Europe, with most evidence suggesting that the 
LIA was already underway by the 14th century in the northern regions (Grove 2001).  
 
A great deal of evidence points to the considerable effects the onset of the LIA had on the 
Norse settlements of Greenland. Considering the already harsh climatic conditions, it is 
unsurprising that several authors have suggested that the LIA detrimentally affected the 
viability of Norse settlements in the country (Grove 2001, Grove 2004, Hunt 2009).  Major 
changes - which would have included semi-permanent ice cover (Kuijpers et al. 1999), 
indicated by burials in permafrost after the mid 14th century (Grove 2001), and coastal 
drowning - would have had a destructive effect on agriculture in Norse Greenland 
(Kuijpers et al. 1999). The cooling also would have had other significant effects on 
subsistence, affecting the spring harp seal hunt and inhibiting winter grazing for caribou 
(McGovern 1980). These factors greatly contributed to abandonment of the settlement by 
the 14th-15th centuries, with particularly cold years experienced in Greenland between 
AD 1308-1314, 1324-1329, 1343-1362 and 1380-84 (Orlove 2005).  
 
In the more northern areas of Europe, such as Scotland, Scandinavia and Iceland, glacial 
advancement and climatic change, influenced by the Atlantic Ocean, caused widespread 
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damage to the environment on which coastal populations in particular depended. Stormier 
weather was likely to have occurred during the LIA, leading to an increase in anticyclones 
over Fennoscandia and storm surges, which would have caused inundation of lower 
coastlines, increased flooding and landslides (Grove 2001). Glaciers also advanced at 
various points throughout the LIA. In Iceland, crop cultivation was deeply affected by 
changes to the climate, particularly as agricultural production in this region was already 
marginal. Prior to the LIA, the predominant crop in Iceland was barley. However, crop 
cultivation ceased entirely by the 15th century and was not restarted until the 20th century 
(Grove 2004). Glacial advancement also caused widespread abandonment in Iceland, and 
there is some historical evidence for the failure of animal husbandry in the early to mid 18th 
century due to cold temperatures (Ogilvie 1981).  
 
Historical and archaeological evidence also demonstrates the impact of climatic change on 
marine life. The displacement of cod in the Northern Atlantic is one of the most apparent 
and detrimental effects of the LIA, at least for the livelihood and subsistence of coastal 
Scandinavians and Icelanders. The waters of the North Atlantic were too cold for the 
maintenance of cod, which moved steadily southward during this period, due to limited 
survival in temperatures under 2°C (Grove 2004). This led to widespread failure of the cod 
industry due to the rapid displacement of the cod to warmer waters. The Faroese cod 
fisheries failed several times throughout the 17th century, as did those of Iceland (Grove 
2004). 
 
Recent research by Zhang et al. (2007, 2011a, 2011b) and Pei et al. (2014) have suggested 
that the LIA had a far greater impact on the economic and population crises in Europe 
than previously thought. Their work has attempted to chart global demographic, 
agricultural and economic crises against climatic changes in Europe and Asia. Their results 
found that these incidents occurred during periods of significant climate change, and that 
the effects of long-term climatic changes on agricultural productivity led to social and 
political upheavals that resulted in population collapses (Zhang et al. 2011a, 2011b). The 
results of this research demonstrate the sensitivity of agricultural communities to climatic 
changes, and that climate-induced subsistence shortages and overpopulation can lead to 
population collapse.  
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2.4.3 The effects of the LIA on Norway 
Land abandonment characterised the LIA in Scandinavia, with large scale abandonment, 
particularly of farming areas, occurring from the 12th century and population decline from 
the 14th century (Lamb 1995, Sjögren 2009). It appears that northern Norway was badly 
affected, with a reduction in population documented in Hasvåg, Hasvik and Sørvaer 
(Sjögren 2009). The conjunction of this climatic deterioration with bubonic plague would 
have exacerbated depopulation and the abandonment of land (Lamb 2011).  
 
Glacial advance had a direct impact on farmland in Norway. The first reports of damage 
caused by the LIA advance of glaciers occurred in AD 1339, at Olden and Loen parishes in 
southern Norway (Nesje et al. 1991). Inspection of legal records of applications for tax 
relief during this period shows reduction in areas for cultivation, poor harvests, physical 
damage and a reduction in the number of cattle in Norway (Grove and Battagel 1983, 
Grove 2004).  Sor-Trøndelag experienced very high rates of desertion with over 40% of the 
land in the region abandoned by the 15th century with no resettlement until the 16th century 
(Gissel et al. 1981). Many farms close to glaciers that advanced during the LIA were 
abandoned, as indicated by the particularly high desertion rate for farms at high altitudes in 
Norway (Gissel et al. 1981). The tax register of AD 1520 indicated that over half of the 
farms covered by the register were deserted by this date, including a number near Oslo, 
Trondheim, Bergen and Stavanger (Vahtola 2003). This kind of pattern was replicated in 
Denmark, Finland and Sweden. 
 
Lamb (1995) notes that climatic deterioration in Norway was the most severe in the inner 
parts of the fjords and in Sor-Trøndelag. Between AD 1667 and 1723, every parish in 
Sunnfjord Fogderi, Norway, suffered a loss in the number of head of cattle, strongly 
suggesting economic decline which has been largely attributed to the physical damage to 
farms and loss of farming land (Grove and Battagel 1983). Nevertheless, this climatic 
change, which reduced the availability of arable land, and a shortage of labour in Norway, 
brought about an increased reliance on livestock for food, whereas previously subsistence 
had heavily relied on the cultivation of grain (Orrman 2003). 
 
The impact of climate change on subsistence is very difficult to gauge, particularly 
archaeologically. Whilst the outer coast of northern Norway is and was poorly suited to 
cereal production (Sjögren 2009), this was not the case for Sor-Trøndelag.  However, the 
experience of cool and wet summers brought on by the LIA would have affected harvests 
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in this region (Lamb 1995). Tree lines in countries like Norway, where the areas for arable 
agriculture would have already been limited, would also have been affected by the LIA and 
encroached on the available farming land.  
 
Pollen evidence suggests that wheat was grown in the area surrounding Trondheim from 
AD 880-1000, but that farming of this crop gradually decreased and was given up by the 
15th-16th centuries (Lamb 1995). During this period too, rye was completely given up and 
other important grains were not grown for another 200 years after this (Lamb 1995, Lamb 
2011). By the 17th and 18th centuries, inhabitants in the west of Norway were substituting 
other foodstuffs for previous staples (Grove 2004). 
 
The effect on fisheries in Norway would likely have been the most prominent feature of 
the LIA, particularly considering their importance for both the Norwegian economy and 
subsistence. Cooler ocean temperatures displaced the previous staple, cod, to warmer 
southern waters, placing greater pressure on those fish species that were able to remain, 
such as herring. Norway’s fisheries were in serious decline by the 17th century, and by the 
end of the century had failed along the northern coast of Norway (Lamb 1995, Grove 
2004, Sjögren 2009). Some fish populations were still able to remain in sheltered fjords, 
even in Trondheim – although it remains unclear how extensively this small pocket of fish 
was actually utilised by the population for subsistence.   
 
In recent research on the effect of climatic change on demographic crises in Norway, 
Dybdahl (2012) has noted that the impact of climate has generally been underestimated in 
the region. He argues that the crop failures, food shortages, malnutrition and ultimately, 
heightened mortality are directly linked to climate changes. Very little is known of the 
direct effects of the LIA on health in Scandinavia, particularly in Norway. Analysis of 
stature trends, derived from skeletal remains from sites across Scandinavia, show a low 
point between AD 1450 and 1750, with the author attributing this to a number of possible 
factors including climate change, inequality of incomes, urbanisation and growth of trade 
aiding the spread of new and old diseases, conflict or population cycles (Steckel 2004). It 
has been argued that the MWP would have led to extended growing seasons and the 
cultivation of new land, demonstrated by the increase of agricultural land use by up to 200 
metres above sea level in some areas of Scandinavia (Lamb 1995). In turn, the LIA would 
have led to crop failure resulting in food shortages, and ultimately a decline in overall 
health and an increase in morbidity and mortality. Lower food production would have had 
an impact on both the economy and health, as would have the diversion of resources in 
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order to keep warm (Steckel 2004). A discussion of epidemics and other diseases that 
occurred during this period will follow below. 
2.5 Crises in medieval and early modern Europe 
The medieval and early modern periods in Europe were ones of recurrent crises, with 
significant population increases and declines, numerous epidemics including the bubonic 
plague, famine and uprisings. This culminated in the General Crisis of the 17th century, a 
period of instability and conflict that lasted until the 18th century. There is some contention 
as to whether this was in fact an era of crisis, (Parker and Smith 1997) however, this does 
appear to at least have been a period of major economic and social upheaval (Parker 2008). 
While a full and robust discussion of these social and economic changes is beyond the 
scope of this thesis, changes that could have affected human health and wellbeing will be 
briefly presented below. 
2.5.1 Population fluctuations 
Whether due to climatic deterioration, or the numerous epidemics of the time, the late 
medieval and early modern periods were characterised by fluctuations in population size 
across many regions of Europe. This, coupled with climatic deterioration, led to extensive 
desertion of arable farming land in Europe. This was most severe in regions particularly 
susceptible to climatic changes such as Scandinavia and Scotland.  
 
The population of Europe had expanded significantly in the early to high middle ages 
(Vahtola 2003), probably influenced by a warmer climate that generally would have 
encouraged increased agricultural production. The population reached an estimated 80 
million in AD 1250, triple that of 300 years previously (Brown 1994). It was at this point 
that the European population began to outgrow available food resources. Over-utilisation 
and climate change impacted on previously marginal areas that had been brought into 
cultivation during the MWP, severely reducing crop yields and increasing prices (Romano 
1985, Parker and Smith 1997). De Vries (1976) noted that the population had three choices 
- to migrate, starve or revolt. Certainly all three of these occurred in Europe, leading to 
widespread uprisings and famine. Combined with the impact of several epidemics including 
the bubonic plague, these factors led to a marked decrease in population during the first 
half of the LIA, only to increase once again in the 16th century (Steensgaard 1997). 
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As in the rest of Europe, the population of Norway dropped dramatically after the bubonic 
plague, to which the wide-spread population collapse has generally been attributed. Before 
the bubonic plague reached Norway around AD 1349, the population of the country was 
around 350,000 (Benedictow 1992). This dropped to an estimated 125,000 by AD 1450.  
 
Given the heavy reliance of the European population on cultivated crops for survival, the 
increased pressure placed on farming land during the MWP is thought to have left the soil 
exhausted (Gottfried 1983). This exacerbated the impact of climatic changes on agriculture 
with the onset of the LIA. Malthusian theory would explain the massive depopulation from 
the viewpoint of over-expansion of population and over-exploitation of land, which then 
contributed to subsequent population decline, particularly in areas where arable land was 
already restricted and over-worked. It is likely that Europe’s narrow subsistence base, 
dominated by wheat, was already strained by rapid population growth and was then pushed 
to the limit by unfavourable growing conditions (Brown 1994, Lamb 1995, Steckel 2004).  
 
Though it is clear that the bubonic plague had a considerable effect on the reduction in 
population across Europe in the 14th century, Galloway (1986) argues that longer-term 
climatic impacts further extended this population collapse through their effects on carrying 
capacity. 
2.5.2 Infectious disease and epidemics 
The 16th and 17th centuries were characterised by periods of high mortality as a result of 
famine, epidemics and war (Appleby 1980). Recent analyses of climate in historical China 
suggest that during these colder periods, there was a 35% increased probability of the 
occurrence of epidemics than during warmer periods (McMichael 2012). The impact of 
several recurrent famines and epidemics, particularly the bubonic plague, led to a labour 
shortage and a decrease in agricultural activity. As discussed previously, this was 
compounded by the effects of the LIA, leading to a cycle of events where population 
collapse reduced agricultural output, increasing the likelihood of famine and epidemics, 
which in turn reduced the population further. Many see these epidemics as significant 
factors in the loss of population and thus the desertion of farmland in Europe (Gissel et al. 
1981, Vahtola 2003).   
 
During the 14th century, the rates of infectious diseases and frequency of epidemics 
appeared to increase around Europe, with persistent but low rates of tuberculosis until the 
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16th century when there was a noticeable increase in urban populations (Johnston 1993, 
Aufderheide and Rodríguez-Martín 1998) and the arrival of smallpox in AD 1348. Most 
important was the arrival of the bubonic plague sometime around AD 1347 which had 
spread across Europe by AD 1350. Numerous outbreaks of the disease occurred across the 
continent until as late as the 18th century, with outbreaks occurring in Norway during the 
14th - 16th centuries (Vahtola 2003). Syphilis began spreading through the port cities of 
Europe around the AD 1490s and was known in Norway, having reached Bergen in the 
late 15th century (Sawyer 1993). Despite the general decline of leprosy in Europe, the 
disease remained prevalent in Norway right up until the 1920s (Anderson et al. 1986, 
Carmichael 1993). Malaria was also endemic in many regions of Europe, and was a major 
cause of death in certain regions of England, despite the cold of the LIA (Watts 1999, 
Reiter 2000). 
 
 The decrease in leprosy has been attributed by some to a rise in more efficient diseases 
(Brown 1994). However, it is far more likely that this was linked to the close relationship 
between leprosy and tuberculosis, with significant evidence for cross immunity between the 
two (Murhekar et al. 1995, Ohara et al. 2000, Roche et al. 2001), and to protection of 
individuals with tuberculosis against acquiring leprosy (Fine 1984, Lietman et al. 1997). 
Recent research on archaeological samples from the Roman period to the 13th century 
confirmed that the diseases coexisted in the past, and suggests that immunological changes 
in multi-bacillary leprosy, along with economic factors, led to an increased mortality from 
tuberculosis and a decline in leprosy during this period (Donoghue et al. 2005).  
2.5.3 The Great Famine 
The Great Famine occurred from AD 1315 to around AD 1322 and affected the majority 
of northern Europe, including Great Britain. Following widespread crop failures and a 
subsequent increase in crop prices, a lack of access to foodstuffs led to famine, heightened 
mortality rates and disease. In the face of starvation, individuals resorted to eating rye 
infested with fungus, leading to numerous cases of ergotism, otherwise known as Saint 
Anthony's Fire (Jordan 1996), resulting in both convulsive and gangrenous symptoms. The 
most prominently affected by the famine were poor rural populations whose diets were the 
most radically reduced, resulting in increased morbidity amongst peasants, newborns and 
children (Jordan 1996).  In Norway, King Haakon V pronounced an edict in AD 1316 
forbidding the export of butter and stockfish, except by those who imported grain and 
grain products (Jordan 1996).  
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Poor weather, including excessive rainfall, was a direct cause of the Great Famine and may 
sit within the beginning of the LIA, at least by earlier estimates of its onset (Grove 2001, 
Grudd 2008). However, it is impossible to say whether this was directly related to the LIA 
itself, or was merely the result of a decadal period of poorer weather affecting agricultural 
production. Regardless, the Great Famine demonstrated the heightened reliance of 
medieval populations on grain crops for survival, and the inability of the population at the 
time to adequately adapt to and mitigate environmental pressures on cultivation. The Great 
Famine may well have had long-reaching effects on the maintenance and spread of later 
epidemics. The malnourishment resulting from the early famines of the 14th century could 
have led to increased susceptibility to infectious diseases later in life (McMichael 2012).  
2.6 Summary 
This chapter has aimed to discuss the historical, climatic and archaeological context of  
infectious disease and health in European populations from the medieval to early modern 
periods. This will permit further discussions relating to the assessment for skeletal 
indicators of health and disease, and the potential impact of external factors, such as 
economic and climatic change, on the health of these populations. 
 
Considerable social and economic change occurred in Trondheim throughout the medieval 
and early modern periods. In particular, economic changes such as the restrictive trade 
decree and the rising dominance of Bergen as a trading port, would have significantly 
affected the livelihood and health of the population. Other changes in Trondheim such as 
the loss of its status as Norway’s capital, and the loss of the archbishopric in the 16th 
century, would have resulted in decreased trade and migration. 
 
It is clear that the LIA would have had a profound effect on the inhabitants of Norway and 
other European populations. The severity of the impact of the LIA did differ by 
geographical location. However, the evidence does seem clear that in many regions 
agriculture would have been extensively affected, particularly in more climatically-sensitive 
countries such as Scotland and Iceland. In Norway, significant reductions of stockfish and 
grain production affected both trade and subsistence. This may well have had a flow-on 
effect with respect to health in Trondheim during this period of climatic instability. 
Although the effects of the LIA were most severe in climatically-sensitive regions , the 
extremes in temperature experienced throughout this period, and the resultant impacts on 
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agriculture and subsistence, were dramatic enough to have a detrimental effect on the 
health of the general European population. It is clear from documentary evidence that the 
climate may have provided a significant barrier to survival during this period, particularly 
through its impact on subsistence practices (Gissel et al. 1981,  Brown 1994, Lamb 1995, 
Fagan 2000, Orrman 2003, Vahtola 2003, Grove 2004, Zhang et al. 2007, Sjögren 2009, 
Zhang et al. 2011a, 2011b).  
 
These environmental and economic changes led to notable changes in the diet of 
Trondheim's population. During the 11th and 12th centuries, diet was dominated by locally 
grown and imported cereals, supplemented with marine protein and some fruits and 
vegetables, locally grown and imported. Following economic decline, climatic deterioration, 
and population decrease in the 13th to 17th centuries, cereals were increasingly supplanted 
by terrestrial protein as animal husbandry became the majority method of subsistence. 
Decline in fisheries and trade would have also have reduced the variety of foodstuffs 
available to the average inhabitants of Trondheim. 
 
Other changes that occurred throughout Europe would also have impacted on the 
biological health of populations. Epidemics such as the bubonic plague and recurrent 
famines considerably reduced the size of the population and increased morbidity, making 
individuals more susceptible to further infection. Population loss would also have 
negatively affected agriculture. A significant loss in the labour force would have seen 
lessened crop yields in a period when climatic conditions were already creating a somewhat 
tenuous environment for cultivation.  
 
This thesis will examine the evidence for disease and health in the Library site sample from 
Trondheim and will address the question as to whether disease frequency and occurrence 
was reduced or encouraged by these conditions. Comparisons with other European 
samples will provide a benchmark for this assessment. The following chapter will provide 
information specific to particular samples collated in this thesis, including site, excavation, 
pathological and contextual information. 
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Chapter Three 
Materials  
 
This chapter aims to introduce the skeletal samples chosen for comparison in this analysis. 
In the first section an introduction to the samples is given, accompanied by an explanation 
of how samples were chosen, and the kind of information that was relevant to this analysis. 
The second section discusses information regarding the primary sample, on which the 
inclusion of the other 38 samples was based. This is followed by summaries on each 
individual sample, including excavation history, data available, diet and economic status 
where available.   
 
The information collected will be utilised to compare rates of pathological lesions across 
Europe and to the primary site from Trondheim. These comparisons will be carried out in 
Chapters Five to Ten. In particular, previous examinations into oral health, other skeletal 
abnormalities and insights into diet, population size and density, settlement type and 
economic status summarised here will provide a basis for further exploring the health of 
the skeletal sample from the Library site in the context of contemporaneous Europe. These 
social and environmental factors are known to influence disease and health in populations, 
and it is predicted that subsequent analyses to follow, based on comparisons to the data 
described below, will reveal differences across samples and also by time and social and 
environmental variables.  
3.1 Introduction to the samples 
A number of samples were chosen for comparative purposes, including the primary sample 
from Trondheim, Norway, to assess the differences in health and disease between 
populations. These are mapped as sites in Figure 3.1 (see Table 3.1 for corresponding 
sample details). Placement of the sites on the map in Figure 3.1 are indicative only, with 
collective groups of sites, such as Jutland and the two Iberian Peninsula sites, placed 
according to mean latitude and longitude.  
 
Due to time and financial restrictions, it was only possible for the present study to 
undertake an assessment of skeletal material from the Library site sample. This meant that 
all data from other samples were collated from the work carried out by previous research. 
More samples than originally planned were chosen, totalling 38, in order to strengthen any 
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statistical comparisons carried out. A number of factors were considered when selecting 
appropriate samples for comparison. The present study selected all available samples which 
met the following criteria: 
1. European in origin: in order to reduce the problems of comparing populations of 
different genetic ancestries, all samples, with the exception of one (being the 
sample from Iznik, Turkey), are from Europe.  
2. Similarity in method to that undertaken in the present analysis: in order to 
mitigate the impact of inter-observer error on comparisons, studies of samples that 
utilised methods as close as possible to that used with the Library site sample were 
selected. 
3. Separation of results from adult and subadult data: in order to facilitate 
comparisons with the Library site sample (where only adults were examined), 
samples selected were ones where adults only were examined or where subadults 
and adults were examined separately. Researchers varied in their definition of the 
onset of adult age, ranging between 16 and 20 years of age. For the purposes of this 
analysis, whatever the author considered as the onset of  'adult' age (as above) in 
their analysis was included. 
4. Samples dated to the medieval and early modern periods: in order to assess 
the potential impact of climatic change and for the purposes of comparison to the 
Library site sample, all samples (with one exception) were dated to the medieval 
and/or early modern periods. The exception to this were the samples from the sites 
of Smörkullen and Quadrella. Despite their earlier dates, (1st-4th centuries), these 
were included due to the lack of Scandinavian skeletal samples from the medieval 
and early modern periods, and in order to better compare the samples by 
environmental variables in Chapter Ten. 
5. Environmental variability: where possible, after consideration of the above four 
factors, environmental variability was also considered. This included an attempt to 
use samples from a range of latitudes and climatic classifications wherever possible. 
6.  Publication in the English language.  
 
As diet can play a significant role in population health, it was initially intended that all 
samples be drawn from populations with a diet similar to the population of Trondheim. 
However, considering the other limitations, this would have severely restricted the range of 
potential comparison samples. As such, samples with differing diet types were included for 
comparison. The impact of diet is discussed throughout this research, and proved to be a 
valuable point of comparison between sites. The differences in diet between sites are 
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discussed further in Chapter Ten. Further details on other classifications including latitude, 
distance to coast, elevation, climatic classification, and settlement type are also presented 
and discussed in Chapter Ten. 
 
Setting any criteria, including that outlined here, introduces bias into research. Firstly and 
likely of the most impact, is the restriction to publications in the English language. Time 
and financial restrictions prevented the translation of data not subsequently published in 
English. For the majority of countries examined, English is not the predominant language. 
The restriction to similar methods, whilst providing a basis for robust comparison, also 
favours those examinations with the same techniques utilised, and does not provide an 
avenue for the inclusion of new or controversial methods. Additionally, the inclusion of 
data that separates adult and sub-adult data proved problematic in the initial stages. This 
resulted in the exclusion of a number of data sets that would have been of interest to 
compare to the Library site, particularly those in Northern Europe. Attempts to attain raw 
data from these samples were unsuccessful. It is suggested that for any subsequent analyses 
such as these, that access to raw data take precedence prior to any analyses. 
 
Sample sites are referred to within the text following the name attribution given to them in 
the published research from which the data was taken. This has resulted in some 
inconsistencies in relation to naming conventions. Details on holding institutions are also 
provided, where this information was available in the published literature. 
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Table 3.1: Summary table of European samples including site, country, dating, sample size and skeletal manifestations of health and disease utilised 
Site # Site Name and/or Location Country Date Sample Size Skeletal indicates of health and disease utilised Reference
1 Library Site Norway 12
th-17th Centuries AD  86M, 102F, 78UD Stature, Caries, AMTL, ADP, NSI, CO, LEH
2 Vienna Austria 8
th-9th Centuries AD 64M, 72F Caries, AMTL Meinl et al.  2010
3 Eleutherna Crete 6
th-7th Centuries AD 52M, 21F, 27UD Stature, Caries, ADP, NSI, LEH Bourbou 2003, 2010
4 Kastella Crete 11
th-12th Centuries AD 15M, 8F, 12UD Stature, Caries, ADP, NSI, LEH Bourbou 2010
5 Bijelo Brdo Croatia 10
th-11th Centuries AD 69 Adults Caries, AMTL Vodanović et al . 2005
6 Ðakovo Croatia 14
th-16th Centuries AD 19M, 15F Caries, ADP, CO Šlaus 2002, Šlaus 2008, Šlaus et al.  2010
7 Nin Croatia 12
th-15th Centuries AD 63M, 44F Caries, ADP, NSI, CO Novak et al . 2012
8 Nova Rača Croatia 14
th-18th Centuries AD 35M, 33F Caries, ADP, CO Šlaus 2002
9 Požega Cathedral Croatia 18
th Century AD 65M, 39F Caries, AMTL Malčić et al . 2011
10 Jutland Denmark 12
th-16th Centuries AD 152M, 108F Caries, NSI, CO Yoder 2006
11 Turku Finland 15
th-16th Centuries AD 270 Adults Caries Varrella 1991
12 Vilarnau d'Amont France 12
th-14th Centuries AD 29M, 29F Caries, AMTL, ADP Esclassan et al . 2009, Lucas et al . 2010
13 Nusplingen Germany 6
th-7th Centuries AD 64M, 56F, 29UD Stature, Caries, AMTL, ADP, NSI, CO, LEH Jakob 2009
14 Pleidelsheim Germany 5
th-7th Centuries AD 48M, 57F, 12 UD Stature, Caries, AMTL, ADP, NSI, CO, LEH Jakob 2009
15 Korytiani Greece 10
th-11th Centuries AD 40M, 44F, 47UD Caries, LEH Papageorgopoulou and Xirotiris 2009
16 Messene Greece 5
th-7th Centuries AD 23M, 12F, 20UD Caries, NSI, LEH Bourbou 2003
17 Sourtara Galaniou Kozanis Greece 6
th-7th Centuries AD 27M, 15F, 14UD Stature, Caries, ADP, NSI, LEH Bourbou and Tsilipakou 2010
18 Thjodhild's Church Greenland AD 1000-1100 46M, 28F, 11UD Stature, Caries, AMTL, LEH Scott et al.  1991
19 Haffjarðarey Iceland AD 1200-1563 7M, 13F, 2UD Stature, Caries, ADP, NSI, LEH Gestsdóttir 2004
20 Viðey Iceland 18
th-19th Centuries AD 17M, 11F, 2UD Stature, Caries, ADP, NSI, LEH Gestsdóttir 2004
21 Quadrella Italy 1
st-4th Centuries AD 26M, 28F, 13UD Caries, ADP, NSI, LEH Belcastro et al. 2007, Bonfiglioli et al.  2003
22 Vicenne-Campochiaro Italy 7
th Century AD 45M, 40F, 3UD Caries, NSI, LEH Belcastro et al. 2007, Bonfiglioli et al.  2003
23 Nidaros Cathedral Norway 18
th-19th Centuries AD 21M, 22F, 12UD Stature, Caries, ADP, NSI, LEH Hughes 1998
24 Borovce Slovakia 8
th-12th Centuries AD 111M, 135F, 15UD CO, LEH Obertová 2005, Obertová and Thurzo 2008
25 Iberian Peninsula (Medieval)
1
Spain 11
th-15th Centuries AD 35M, 28F Caries, AMTL Lopez et al . 2012
26 Iberian Peninsula (Modern)
1
Spain 15
th-18th Centuries AD 88M, 89F Caries, AMTL Lopez et al . 2012
27 Gothenburg Sweden 17
th Century AD 63 Adults Caries, AMTL Lingström and Borrmann 1999
28 Smörkullen Sweden AD 0-260 44M, 39F, 13UD Caries, AMTL, ADP, CO Liebe‐Harkort 2012a,b
29 Bern-Schanze Switzerland 18
th-19th Centuries AD 60M, 41F, 14UD CO, LEH Ulrich-Bochslerr et al. 2008
30 Oberbueren Switzerland 8
th-16th Centuries AD 98M, 102F, 22UD CO, LEH Ulrich-Bochslerr et al. 2008
31 Unterseen Switzerland 13
th-16th Centuries AD 41M, 19F, 9UD CO, LEH Ulrich-Bochslerr et al. 2008
32 Iznik Turkey 13
th Century AD 52 Adults Caries, AMTL Caglar et al . 2007
33 Christ Church U.K. (England) 18
th-19th Centuries AD 70 Adults Stature, Caries, AMTL Molleson et al . 1993
34 Raunds Furnells U.K. (England) 10
th-12th Centuries AD 100M, 82F, 9UD Stature, Caries, NSI Powell 1996
35 St Helen-on-the-Walls U.K. (England) AD 1100-1500 335 adults Stature, Caries, AMTL, ADP, NSI, CO Dawes 1980, Grauer 1993
36 Wharram Percy U.K. (England) 10
th-17th Centuries AD 140M, 211F, 9UD Stature, Caries, AMTL, ADP, NSI, CO, LEH Mays 2007
37 Aberdeen U.K. (Scotland) AD 1300-1600 52 Adults (Mandibles) Caries, AMTL Kerr et al. 1988
38 Hallow Hill U.K. (Scotland) 6
th-9th Centuries AD 17M, 20F, 21UD Stature, Caries Lunt 1996, Proudfoot et al.  1996
39 Whithorn U.K. (Scotland) AD 1300-1450 314M, 356F, 423UD Stature, Caries, AMTL, NSI, CO Cardy 1997, Watt, Lunt and Gilmour 1997
M: male; F: female; UD: adult of undetermined sex; AMTL: ante-mortem tooth loss; ADP: alveolar defects of pathological origin; NSI: non-specific infection; CO: cribra orbitalia; 
LEH: linear enamel hypoplasia
1minimum number of individuals based on maxilla and mandible counts
37 
 
 
 
 
Figure 3.1: Map of sample sites (See Table 3.1 for corresponding site details) 
 
3.2 The primary sample - Folkebibliotekstomt (Library site), Norway 
The skeletons used as the primary data set for this thesis are from the Folkebibliotekstomt 
(Library site) in the centre of medieval Nidaros (Holt 2007), now known as Trondheim, 
west-central Norway. The skeletons were originally interred in the graveyard of St Olav’s 
Church. Many of the excavations in Trondheim, including this one, were carried out after a 
surge in building and the commencement of street improvements in the town in the 1970s. 
The place of excavation is currently situated in the foundations of what is now the public 
library.  
 
Two excavations have been carried out on the graveyard since its discovery. The first, and 
most extensive, from 1984 to 1985, involved excavation of approximately 200m2 of the 
churchyard at the northern limit of the cemetery. In total, 389 skeletons were excavated at 
this time, estimated as representing 40% of the total graveyard population (Anderson and 
Göthberg 1986). The second excavation, carried out in the late 1980s, revealed another 29 
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skeletons from the third phase of interment (described below). In total, these skeletons 
comprised a total of 418 individuals. In all, approximately 928 individuals have been 
recovered from churchyards around Trondheim dated to the medieval to early modern 
periods (Mays et al. 2006). 
 
The skeletons excavated were cleaned, recorded and identified on site. Excavation sheets 
recorded bone preservation, presence of elements, preliminary age and sex estimations and 
contextual information. These forms are available for examination at the Norwegian 
Institute for Cultural Heritage (NIKU) in Trondheim. 
 
Of the individuals excavated, all but one were buried with an east-west orientation and 
almost all were found in single graves. Preservation of the skeletons varied according to the 
area in which they were buried. Those best preserved were from the middle and north of 
excavated areas and found in organic, often waterlogged, wood chip layers. Those where 
bone preservation was poor were found in the southern area, which consisted mostly of 
gravelly sand. Despite discrepancies in preservation, bones examined for post-mortem 
modification showed signs that the normal diagenetic process had stopped, or at least 
slowed quite dramatically, following burial, probably due to the rainfall patterns and low 
temperatures of Trondheim (Turner-Walker et al. 2002). Analysis of bone from this skeletal 
sample exhibited high collagen content and little microbial degradation of hard tissue 
(Turner-Walker et al. 2002). 
 
The skeletal sample used for the present study comprised 389 individuals recovered during 
the first excavation at the Library site and excluded those 29 individuals from the second 
excavation as these were unavailable for assessment. At some point between the initial 
assessments and today these had been misplaced, possibly during the move of items from 
the Vitenkapsmuseet itself to their current storage facility. Two individuals, believed to be 
individuals 390 and 392 from the second excavation, are displayed at the Trondheim Public 
Library (see Figure 3.2), and were also unavailable for assessment.  
 
The remaining 389 individuals are held by the Vitenkapsmuseet, part of the Norwegian 
University of Science and Technology in Trondheim. Access to the sample is via DORA1, 
the ex-World War 2 submarine facility, now a research and storage facility. From these 
remaining skeletons, a number of teeth were removed for examination by another research 
group from the University of Copenhagen. This equated to 272 teeth across all phases of 
the sample, approximately 6.1% of the total number of preserved alveoli. These teeth were 
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pulverised in order to undertake more complex analyses and thus, were unable to be 
assessed in the following examinations. 
 
These 389 individuals from the first excavation were all initially included in the present 
examination. All skeletons that were assessed as subadult or whose adult/subadult status 
could not be determined were excluded from analysis. Because of the need to apply at least 
one age determination technique, those remains that could be aged generally had a fairly 
high level of preservation.  
 
 
Figure 3.2: Library site individuals currently on display the Trondheim Public Library 
 
In all but one case, individuals had been previously allocated by Göthberg (1986)  into 
phases using evidence from grave goods and stratigraphic analyses: 
Phase A (12th century): 22 individuals 
Phase B (12th-13th centuries): 198 individuals 
Phase C (13th-17th centuries): 168 individuals   
One individual, SK327, was not allocated to a phase.  
 
A study published by Nordeide (1989b) attempted to place the chronology and phasing of 
the Library site material utilising construction at the site, pertaining to "a structural 
sequence wherein the main part of the settlement on the site is built - used - and destroyed" 
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(Nordeide 1989b).  The author further describes the phases used as an analytical tool which 
sorts the material into contemporary blocks, which should be viewed as time sequences 
rather than fixed intervals. As a result, in the case of the Library site, the analysis of the 
phases is predominantly based on the structures uncovered. As the site had well-preserved 
structural remains, it was possible to relate material (e.g. skeletal remains) to buildings and 
therefore, stratigraphic layers and phases. Artefact analyses were also utilised in order to aid 
in the dating of the site. With the exception of material located between the fire layers of 
the stratigraphy at the Library site, for the most part, individuals could only be attributed to 
the main phases as above. The fire layers are a result of a number of fires that occurred in 
the city during the 16th and 17th centuries, and can be somewhat accurately dated. However, 
no extensive work has been carried out regarding the dating of individual burials from the 
sample, even those attributed to these specific layers.  
 
A previous preliminary analysis of the first excavated sample included sex, age and stature 
estimation, a brief discussion on contextual variables and grave goods, and some short 
notes regarding pathological lesions, such as arthritis, dental health, infection and evidence 
for trauma (Anderson 1986). As this was considered to be a preliminary report, no further 
detail was provided. Unfortunately, more extensive work was never carried out on the 
sample. Anderson subsequently only published a small number of articles on these 
individuals (Anderson et al. 1986, Anderson 1988a, 1988b), and a number of other highly 
specialised examinations have been conducted since (Beyer-Olsen 1989, Beyer-Olsen and 
Risnes 1993, Beyer-Olsen, Bang and Sellevold 1994, Beyer-Olsen and Risnes 1994, Beyer-
Olsen and Alexandersen 1995, Turner-Walker et al. 2002, Turner–Walker and Syversen 
2002, Turner-Walker and Jans 2008), details of which have been discussed in Chapter Two. 
Sex and age estimation was also conducted on the second sample of 29 individuals and 
published by Sellevold (1990). Besides these very limited analyses, no other published work 
has been carried out on the Library site sample, though investigations by the University of 
Copenhagen into DNA analyses from the bones and dentition are ongoing. Particularly 
considering the potential impact climate and economic change may have had on the health 
of Scandinavian populations during this period, further analysis of the Library site sample 
would provide a unique insight into the health of a population during this tumultuous 
period. 
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3.3 The comparison samples 
3.3.1 Austria 
Vienna 
 
This 8th-9th century Avar burial ground was excavated in 1977 after discovery of the site 
during road construction as part of the urban development of Vienna. The cemetery is in 
the 11th district of Vienna, and features a number of inhumations, including a total of 397 
skeletons which also included fragments of the upper and/or lower jaw. These individuals 
were assessed for age and sex, and of these 136 adults remained for assessment of dental 
caries (Meinl et al. 2010). Of these, 64 were male and 72 female, split into three age 
categories: young adult (20-40 years), middle adult (41-60 years) and old adult (61+ years).  
 
Avar communities settled along the Danube River around the 7th century, converting from 
what was previously a nomadic lifestyle to sedentism and agriculture, in small villages of 
between 35-50 people (Meinl et al. 2010). Their diet probably consisted predominantly of 
cereals, like most of Europe at this time, which was confirmed by the frequency of dental 
caries (Meinl et al. 2010). The presence of several different kinds of animal bones in 
excavations of the site also confirmed that livestock was kept for breeding purposes 
alongside crop production (Müller 1996). 
3.3.2 Crete 
Eleutherna 
 
Eleutherna was a small settlement in Crete occupied between the 6th and 7th centuries. A  
number of natural disasters and disruptive events, including multiple earthquakes and 
invasions, are known to have affected the site, leading to abandonment in the 7th century 
(Bourbou 2003). Examinations of the skeletal sample by Bourbou (2003, 2010) determined 
the presence of 151 adults: 52 males, 21 females and 78 individuals of undeterminable sex, 
including 51 subadults. Bourbou (2003, 2010) examined the individuals for dental disease, 
oral health, osteoarthritis, cribra orbitalia, infection and stature.  
 
High cribra orbitalia frequencies in the subadults suggested a diet dependent on cereals and 
the possible influence of external environmental stressors and infections (Bourbou 2003). 
Later cases of possible scurvy pointed to a deterioration of conditions, possibly following 
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earthquakes in the late 6th century, which would have caused a lack of access to fresh fruit 
and vegetables and again a possible increase in infections (Bourbou 2003).   
 
Kastella 
 
The Byzantine cemetery at the archaeological site of Kastella is located in Heraklion on the 
island of Crete. It is dated to the middle Byzantine and was discovered in 2003 during 
restoration work being completed on the nearby church. 32 burials were discovered, 
consisting of both single and multiple interments. From this sample, Bourbou (2010) 
assessed the adults for dental health, nutritional deficiencies, arthritis, infection and trauma. 
The individuals number 15 adult males, 8 adult females and 12 adult individuals of 
indeterminable sex.  
 
The middle Byzantine was a period of stability in Crete, with the re-establishment of 
Byzantine rule in AD 961, until capture by the Genoese in AD 1204. The period saw an 
increase in agricultural production and stock raising (Bourbou 2010), unsurprising given the 
fertility of the land on the island. During this period, Crete was dominated by villages 
rather than urban settlements and the island produced many of its own foodstuffs, 
providing a fairly well-balanced diet to the island's inhabitants (Bourbou 2010). As in the 
rest of Europe, the dominant agricultural crop were grains, but these would have been 
supplemented by other plant tissues and marine products (Mallegni 1988, Bourbou 2004). 
3.3.3 Croatia 
Bijelo Brdo 
 
The cemetery at the archaeological site of Bijelo Brdo is located in Croatia, near the town 
of Osijek, and is dated from the 10th to 11th centuries. The 85 individuals available for 
analysis were excavated in the late 19th and early 20th centuries, and their state of 
preservation was very good. They are now stored in the Museum of Archaeology in 
Zagreb. Sixty-nine adults were used for analyses of dental caries and ante-mortem tooth 
loss (Vodanović et al. 2005). These adults were not sexed but were separated into four age 
groups: 21-25 years (30), 26-35 years (8), 36-45 years (23) and 46+ years (8). Caries 
frequencies in the group have been used to infer subsistence based on a mixture of 
agriculture and hunting, with their diet primarily grain-based (Vodanović et al. 2005). 
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Ðakovo and Nova Rača  
 
Two samples from the eastern Adriatic coast of Croatia were utilised for the comparison in 
the present study. The analyses conducted compared the transition of health from the late 
antiquity to early modern periods in Croatia (Šlaus 2002, Šlaus 2008, Šlaus et al. 2010). The 
sample from Ðakovo dates from the second phase of burial, from the 14th to 16th centuries, 
with abandonment occurring in AD 1536 after capture of the town by the Turks. 
Excavations on this site were carried out from 1995 to 1997 and revealed 486 graves in 
total. Most of the bone preservation in this sample was poor to average. Fifteen adult 
females and 19 adult males were recovered from this site, with the majority of individuals 
unable to be assessed for sex and age, and poor representation of subadults (Šlaus 2002).  
 
Nova Rača is 75 km east of Zagreb and the church is estimated to have been built in 
AD 1312 (Jakovljević 1986). Artefacts recovered from the site placed use of the cemetery 
from the 14th to 18th  centuries (Medar 1987, Jakovljević 1988). Examination of the 
individuals revealed 33 female adults and 35 male adults, along with 36 individuals of 
undetermined sex (Šlaus 2002). Analyses of dental health, linear enamel hypoplasia, cribra 
orbitalia, periostitis, osteoarthritis and Schmorl's nodes were conducted (Šlaus 2002) and 
are utilised here.  This site was part of a volatile border area used as a buffer zone between 
the Ottoman Turkish and Austro-Hungarian Empires. The Nova Rača parish book of the 
dead shows starvation as the leading identifiable cause of death between AD 1830 and 
1848, at 21.5% of those recorded (Šlaus 2002). Historical accounts suggest that access to 
food was a constant problem at the two sites, with uprisings in AD 1573 and 1755, and 
Turkish raiding parties adversely affecting opportunities for trade. It has been suggested 
that females may have been under greater physiological stress at Nova Rača than males 
(Šlaus 2000, Jakšeković 1990), based on ethnohistorical evidence from the parish Book of 
the Dead, which demonstrates a greater number of deaths in female individuals for the 
period AD 1830-1848 than in males.  
 
Nin 
 
This 12th-15th century cemetery was excavated between 1995 and 2001 by the Archaeology 
Museum in Zadar and the Museum of Nin Antiquities. The town of Nin is 15 km north-
west of Zadar on the eastern Adriatic coast of Croatia. Excavations recovered 250 graves 
dating from late antiquity to the early modern period. The study cited here assessed 34 
subadults, 44 females and 63 males, and analysed levels of caries, periostitis and cribra 
orbitalia (Novak et al. 2012). Novak et al. (2012) suggested that the high prevalence of cribra 
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orbitalia in this group could be due to unsanitary and overcrowded conditions, or to the 
presence of malaria in the population. Additionally, they suggested that low caries 
frequency could be due to a diet higher in fish-based protein than other typical European 
diets of this time (Novak et al. 2012). 
 
Požega Cathedral 
 
Požega is 150 km east of Zagreb. Interments at the cathedral are dated to around the 18th 
century. The 175 skulls recovered from Požega Cathedral were removed when the floor 
above the crypt began to deteriorate. Due to this deterioration, many of the skeletons 
recovered were incomplete. Of these skulls, 104 were from adults (65 males and 39 
females) and 71 either were subadults or could not be assigned an age. Given the generally 
higher status of those buried within churches, it is likely that these individuals either were 
priests or came from the richer mercantile population of Požega (Malčić et al. 2011). 
Studies undertaken by Malčić et al. (2011) analysed the adult skulls for frequencies of dental 
caries and ante-mortem tooth loss. The high levels of caries may suggest a diet rich in 
carbohydrates (Malčić et al. 2011). 
3.3.4 Denmark 
Jutland 
 
Three separate cemeteries were used by Yoder (2006) to analyse diet and health in medieval 
Denmark. St Mille is located outside Viburg, and consists of a church and cemetery dated 
to the 12th to 16th centuries. The second, Øm Kloster, is a rural monastery cemetery dated 
from the same period, excavated periodically from the 1930s until 1996. Finally, Ribe 
cemetery, servicing the townspeople of Ribe, was excavated in 1993 as part of a salvage 
operation and is dated from AD 1250 to the early 15th century. The total sample size for 
this accumulated data-set amounted to 152 adult males and 108 adult females. 
Examinations carried out by this analysis and utilised here included frequencies of dental 
caries, cribra orbitalia and non-specific signs of infection. 
 
Similar to most European diets of the time, their diet probably consisted predominantly of 
grain, with limited quantities of meat, dairy, vegetables and fruit (Dyer 1983, Gregersen and 
Jensen 2003). Fish would have been readily available, particularly to those communities 
near to the coast, but only to those who were able to afford it (Yoder 2006).  
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3.3.5 Finland 
Turku 
 
This cemetery site in central Turku is dated to the 15th and 16th centuries. Burials at the 
cemetery most likely finished around AD 1650 (Varrela 1991). Excavations were carried 
out in 1964 and again from 1983 to 1985. Investigations into the demography of the 
sample revealed 68 female adults, 56 male adults and 286 individuals of unidentifiable sex, 
that were mostly of the lower socio-economic classes (Gardberg 1965, Laaksonen 1965). 
An analysis was conducted by Varrela (1991) into the rate and frequency of dental caries 
within the population. Individuals were not separated by sex, but they were placed in 
distinct age groups, with the adults consisting of 5 groups: 17-21 years (45), 21-25 years 
(45), 26-35 years (99), 36-45 years (60) and 45+ years (21), giving a total of 270 adult 
individuals which will be included in this comparison.  
 
Archaeological and historical evidence suggests the diet in Turku consisted predominantly 
of salted herring and other dried fish, barley, rye, vegetables, some meat, sour milk 
products, beer and berries (Talve 1973, Ranta 1975, Vuorisalo and Virtanen 1989). This is 
consistent with other diets from Scandinavia for this period, particularly in the inclusion of 
marine protein.  
3.3.6 France 
Vilarnau d'Amont 
 
The cemetery of Vilarnau d’Amont adjoins a church in this small village in the Roussillon 
region of south-west France. The village’s proximity to the coast means that it has a chiefly 
Mediterranean climate, warm and dry with some periods of rain. Dating of the site places 
burials of the skeletons between the 12th-14th centuries. The plague of AD 1348 probably 
led to the decline and eventual desertion of the village so that no individuals would have 
been interred later than the middle of the 14th century. Excavations of the churchyard 
began in 1997 and were completed in 2002. Burials were organised around the church and 
totalled more than 900 graves. Analyses of the dental health of this group, including 
examinations into dental caries and wear, were conducted on 29 adult females and 29 adult 
males (Esclassan et al. 2009). Following this was an examination of dental caries and 
abscesses on 35 adult male mandibles and 25 adult female mandibles (Lucas et al. 2010). 
For the purposes of this analysis, the initial study was preferred as the entire dental remains 
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of individuals were utilised. However, this study only examined caries, so the data on 
abscesses were taken from the second study.  
 
Agriculture in the area focused on wheat and other cereal production, olives and vines 
(Esclassan et al. 2009, Lucas et al. 2010). Stock rearing also existed in the form of cattle and 
pigs, and fishing provided a small amount of dietary protein (Esclassan et al. 2009). 
However, as with most diets of this period, there was a heavy reliance on grain for the 
majority of their energy intake (Esclassan et al. 2009, Lucas et al. 2010). 
3.3.7 Germany 
Nusplingen 
 
Nusplingen is a village at the south-western edge of the Swabian Mountains in Baden-
Württemberg. Excavations were carried out in 1934 and 1935 after construction work 
uncovered the burial site. The skeletons, from a total of 279 graves, of which 126 were 
disturbed, are now housed at the Institute for Anthropology and Ethnology in Tübingen. 
These total over 100 complete skeletons, and 169 skeletons in various stages of 
completeness (Jakob 2009), though a few graves did not contain any human remains. 
Grave goods date the burials to the mid 6th to late 7th century.  
 
This sample was part of a group of samples analysed by Tina Jakob (2009) in a comparative 
study of German and British health. This analysis incorporated stature estimation, and 
assessments of pathological lesions of the dentition, cribra orbitalia, periostitis and 
Schmorl’s nodes. Jakob (2009) identified 20 subadults and 149 adults, comprising 64 
females, 56 males and 29 skeletons of undeterminable sex. Whilst no isotopic data exists 
for this or Pleidelsheim to determine diet, it is assumed that this and the British samples 
Jakob compares them to have a similar diet high in carbohydrates, with some form of 
protein in the form of dairy or meat (Jakob 2009). 
 
Pleidelsheim 
 
Pleidelsheim rests on the bank of the river Neckar, also in Baden-Württemberg. This 
cemetery to the north of the town contained approximately 100 individuals, was in use 
from the 5th to the 7th centuries, and was also discovered as a result of construction. 
Excavations were subsequently carried out in the 1960s and again from 1989 to 1990. This 
sample also features in Jakob’s (2009) comparative text, and the sample consists of 117 
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adults and 30 subadults, with the adult sample comprised of 57 females, 48 males and 12 
adults of undeterminable sex. 
3.3.8 Greece 
Korytiani 
 
Korytiani is a small village 25 km from the western coast of Greece. This sample is dated 
from the 10th to 11th centuries and numbers 176 pit graves, with 222 well preserved 
skeletons excavated as part of a salvage operation (Papageorgopoulou and Xirotiris 2009). 
All individuals have undergone sex and age estimation and an examination for the presence 
of skeletal lesions lists separate ratios for adults and sub-adults. The adult skeletons 
included in the present study consisted of 40 males, 44 females and 47 individuals of 
undetermined sex, as the remainder were subadults or unable to have an age attributed. 
Evidence for dental caries, calculus, periodontal disease, periapical lesions, dental wear, 
linear enamel hypoplasias, congenital abnormalities of the teeth, degenerative joint disease, 
infectious diseases, fractures, neoplastic conditions and other congenital abnormalities have 
all been examined and described in full by Papageorgopoulou and Xirotiris (2009).  
Trace element analysis conducted suggested a diet high in plants, reflected by high 
concentrations of strontium and the strontium/calcium ratio (Papageorgopoulou and 
Xirotiris 2009). High barium values indicated that marine food did not contribute highly, if 
at all, to their dietary protein (Papageorgopoulou and Xirotiris 2009). The analyses of the 
teeth reflected a diet high in grain and vegetables and low in protein; and the absence of 
cribra orbitalia or linear enamel hypoplasia suggested that these individuals were not under 
any kind of heightened nutritional difficulties (Papageorgopoulou and Xirotiris 2009).  
 
Messene 
 
The site of Messene consisted of two settlements dated to the 5th-7th centuries in the region 
of Peloponnese. While the settlements were most likely abandoned around the late 6th 
century as the population moved north due to numerous earthquakes, the period prior to 
this desertion was an important one. By the 5th century, Messene had established itself as 
one of the most powerful bishoprics of the region (Bourbou 2003).  
 
The skeletal sample was excavated and analysed by Bourbou (2003). These examinations 
confirmed the presence of 74 individuals including 19 subadults, 23 adult males, 12 adult 
females and 20 individuals of undetermined sex. Bourbou's (2003) examinations included 
stature estimation and assessment of levels of dental health, osteoarthritis, cribra orbitalia 
48 
 
and infection. Examination into the presence of pathological lesions in the dentition and 
age at death appeared to suggest the higher economic and social status of this community. 
In comparison to previous periods, the lack of oral lesions demonstrated a diet high in 
plant tissues and low in carbohydrates, while the mean age at death had markedly increased 
compared to earlier periods (Bourbou 2003).  
 
Sourtara Galaniou Kozanis 
 
The 6th-7th century site of Sourtara Galaniou Kozanis was excavated as part of a rescue 
operation between 1998 and 1999. The site is situated along the national road, Egnatia, and 
is 6 km south west of Ayios Dimitrios. 197 single inhumations were discovered during 
excavation. Bourbou and Tsilipakou (2010) analysed a sample of 71 well preserved 
skeletons from the site for presence and frequencies of ante-mortem tooth loss, caries, 
abscesses, linear enamel hypoplasia, cribra orbitalia, osteoarthritis and periostitis. Included 
in the present study are data for the adult individuals including 27 males, 15 females and 14 
of undetermined sex. Data collected from analysis of all these, bar ante-mortem tooth loss, 
osteoarthritis and cribra orbitalia, are utilised in the current comparison. The authors 
speculated that the high frequency of caries suggested a diet rich in sugar and other 
carbohydrates but that simultaneously, low infection rates and high mean age at death 
pointed to good nutritional status and adequate living conditions for these individuals 
(Bourbou and Tsilipakou 2010). 
3.3.9 Greenland 
Þjóðhildarkirkja (Thjodhild's Church) 
 
Thjodhild's church and the associated burials are located at the Viking Eastern Settlement 
in the south of Greenland. This is the area in which Eric the Red established the first 
Norse colony, Eystribyggð, and his estate, Brattahlíð, around AD 985. Documentary 
evidence suggests the church (named for Eric the Red's wife) was built around AD 1000 
and used until AD 1100. Excavations began in the 1960s and revealed 155 separate 
interments and one mass grave. Of the adult individuals excavated 46 were male, 28 female 
and 11 adults of indeterminable age.  
 
Lynnerup (1998) has conducted examinations into the levels of otitis media and 
osteoarthritis in this group. Along with other Greenlandic samples, Scott et al. (1991) 
observed the dentition of the 95 skeletons that presented with teeth (including 14 
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juveniles), for dental caries, abscesses, ante-mortem tooth loss and linear enamel 
hypoplasia. They found that the dental health of the sample overall was good which is 
surprising, given the well known demise and subsequent abandonment of the Norse 
Greenland colonies. This demonstrates that oral health is not necessarily analogous to 
overall health or physiological stress. Whilst their diet must have suffered from the 
intensification of cold climatic conditions and the effects of this on agriculture and animal 
husbandry, and the ability of supplies to make their way to the colonies, this is not evident 
in the dental analysis (Scott et al. 1991). Scott et al. (1991) do conclude, however,  that the 
complete absence of caries confirms that their diet was low in refined carbohydrates, which 
is unsurprising given the difficulties they experienced growing crops on the island. Bennike 
(1985) has also established stature for these individuals which is utilised in the present 
comparison.  
3.3.10 Iceland 
Haffjarðarey 
 
Haffjarðarey was a small village on the island of Haffjorður, off the coast of Iceland, 
probably established around the end of the 12th century. Documentary evidence suggests a 
church was on the island from at least AD 1223 and abolished in AD 1563 (Gestsdóttir 
2004). Excavations were carried out on the adjacent cemetery in 1905 by Vilhjálmur 
Stefánsson with the skulls subsequently taken to the United States, and again in 1945 by 
Jón Steffensen and Kristjn Eldjarn. This material from the second excavation remained in 
Iceland. Most of the better preserved individuals came from the second excavation, but 
disturbance resulting from the efforts of the first excavation damaged a number of the 
finds.  
 
Examinations of the skeletal material, held by the National Museum of Iceland 
Árabæjarsafn, were conducted by Gestsdóttir (2004). Of the 54 individuals present, only 22 
were adults. A large number of juvenile individuals were excavated in 1945, which suggests 
that the part of the cemetery excavated may have been dedicated to children, not 
uncommon in medieval Icelandic burial customs (Gestsdóttir 2004). Of the adults, 13 were 
female, seven male and two of unknown sex, which also suggested division by sex within 
the cemetery (Gestsdóttir 2004).  It is likely the adults that have been excavated from this 
cemetery were local farmers and labourers (Gestsdóttir 2004).  Gestsdóttir (2004) analysed 
the individuals for signs of osteoarthritis, periostitis, trauma, Schmorl's nodes, occupational 
stress, neoplastic and congenital disorders, linear enamel hypoplasia and dental disease.  
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Viðey 
 
Viðey is a large island in the Kollafjörðurhe Bay in Iceland. The cemetery at Viðey has been 
in use from around AD 1200 until the most recent burial in 1999. Due to the long term 
usage of the site, there were high levels of undercutting apparent during the 1987-88 
excavations of the cemetery, led by Margét Hallgrímsdóttir. A total of 91 graves from the 
18th to 19th centuries were excavated in various states of preservation. Examinations into 
the skeletal material (held by the National Museum of Iceland Árabæjarsafn) were 
conducted by Gestsdóttir (2004). This examination resulted in the identification of 37 
skeletons, including 34 adults. Of these, 17 were male, 11 female and 6 of unidentifiable 
sex. Gestsdóttir (2004) examined the skeletons for signs of cribra orbitalia, infection, 
trauma, osteoarthritis, Schmorl's nodes, stress, neoplastic and congenital disorders, linear 
enamel hypoplasia and dental disease. Her analyses of these indicators suggested that this 
population was probably of higher status than the individuals from Haffjarðarey 
(Gestsdóttir 2004).  
3.3.11 Italy 
Quadrella and Vicenne-Campochiaro 
  
The site of Quadrella was located in the southern region of Molise and has been dated to 
the 1st-4th centuries  and was connected to Aesernia, a Roman colony since 263 BC. 
Excavations uncovered 110 graves, including 67 adults consisting of 26 males, 28 females 
and 13 unidentifiable adults. Vicenne-Campochiaro, also in Molise, is dated later, to the 7th 
century, with excavations revealing 167 graves inclusive of 88 adults including 45 males, 40 
females and 3 adults of indeterminable sex. An investigation into the health and diet of 
these samples was conducted by Belcastro et. al. (2007), which included analysis of dental 
health and disease, linear enamel hypoplasia, cribra orbitalia and periostitis. An analysis of 
other markers of dental health (Bonfiglioli et al. 2003), such as alveolar defects of 
pathological origin (ADP), was also utilised in this analysis.  
 
In both of these communities, the diet of the lower classes would have likely consisted of 
bran bread, vegetables, lard, chickpeas and some fruit and olives (Belcastro et al. 2007). 
Animal protein of any kind would have been considered a luxury and certainly if used, fish 
and cheese would have been far more common than the meat available to upper classes 
such as sausages, ham and poultry. This reliance on carbohydrates continued into the Early 
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Middle Ages, but meat became more important, with most consuming stews of bean, 
vegetable and meat on a daily basis. Analysis of calculus levels revealed a higher frequency 
in the Quadrella sample, which the authors argued could be due to a greater consumption 
of protein-rich foods than in the later Vicenne-Campochiaro sample, or poor oral hygiene 
(Belcastro et al. 2007). Other research also indicates that leprosy was a problem throughout 
this period in Vicenne-Campochiaro (Belcastroet al. 2005). 
3.3.12 Norway 
Nidaros Cathedral, Trondheim 
 
This sample was excavated from the west front of Nidaros Cathedral in Trondheim. 
Excavations were carried out in the summer of 1996 over a 225m2 area. Whilst the earliest 
features of the site are a farmstead dating to the late 9th or 10th centuries, the burials are 
represented in upper deposits dated to the 18th and 19th centuries. These graves were dated 
through analysis of stratigraphy, material culture and historical sources (Reed et al. 1998). 
 
Kate Hughes (1998) published an osteological report on the demography and health of the 
individuals recovered from this excavation. A total of 60 articulated skeletons were 
recovered, and of these, 38 were complete or almost so. As with the Library site, most of 
these burials were well preserved, possibly due to the low year round temperatures in 
Trondheim, and also probably due to the soil type – blue clay – that these graves were cut 
into (Hughes 1998). Those that were not well preserved were generally waterlogged.  
 
Hughes (1998) undertook sex and age estimation of these individuals. Of the 60 
individuals, 55 were young adults or older, 21 were classified as male or possible male, 22 
were classified female or possible female and the remaining 12 were undetermined.  
 
The evidence for Schmorl's nodes, infectious disease (including leprosy, endemic and 
venereal syphilis and tuberculosis), dental health (caries, abscesses and linear enamel 
hypoplasia), osteoporosis, vitamin deficiencies, osteoarthritis and septic arthritis were 
reviewed in this population.  
 
The report also goes into some detail regarding the contextual variables of the interments 
and grave goods. Hughes (1998) has suggested that the even ratio of males and females 
excavated from this area of the churchyard indicates that burial location was not based on 
sex of an individual. It would appear though, that infant and subadult mortality was quite 
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low, suggesting that children may have generally been buried elsewhere in the cemetery as 
yet unexcavated (Hughes 1998). Osteological evidence supported the idea that this 
cemetery probably served the poor citizens of Trondheim, with many suffering from 
inadequate diet and a high burden of infectious disease (Hughes 1998). Nevertheless, she 
noted that life expectancy appeared to be quite high and they may have been well adapted 
to the trials of living in Trondheim during this period (Hughes 1998).  
3.3.13 Slovakia 
Borovce 
 
The cemetery in Borovce, Slovakia, is located approximately 10 km southwest of Pieŝt'any. 
Dating places use of the cemetery between the 8th and 12th centuries. Analyses of levels of 
linear enamel hypoplasia and cribra orbitalia were carried out by Obertová (2005) and 
Obertová and Thurzo (2008). Obertová (2005) determined 451 individuals were excavated 
from 439 graves, and of these 189 were juveniles, while 111 were adult males, 135 adult 
females and 15 adults of indeterminable sex. Stress indicator analysis, including for cribra 
orbitalia and linear enamel hypoplasia frequencies, suggested that a high pathogen load and 
nutritional deficiencies may have increased the levels of stress on the individuals inhumed 
here (Obertová 2005, Obertová and Thurzo 2008). High mortality and morbidity amongst 
subadults also corroborated the suggested higher levels of infection and parasites, and the 
inadequate nutrition that likely affected this population (Obertová and Thurzo 2008).  
3.3.14 Spain 
Iberian Peninsula (early modern and medieval) 
 
An analysis undertaken by Lopez et al. (2012) collated the data from four medieval (late 15th 
century) and three modern (late 18th century) cemeteries from rural and urban communities 
on the Iberian Peninsula. The medieval sites were: Muriel de Zapardiel, San Benito El Real, 
Santo Tomé and Saldaña. The modern sites consisted of the cemeteries of Guardo, San 
Miguel de Escalada and Monasterio de Prado. Evidence for and frequencies of ante-
mortem tooth loss and dental caries were analysed by Lopez et al. (2012) in individuals over 
the age of 20 years. From these collective sites, 47 maxillae (19 female and 28 male) and 63 
mandibles (28 female and 35 male) were utilised for the medieval group and 153 maxillae 
(77 female and 76 male) and 177 mandibles (89 female and 88 male) for the modern group. 
Based on these counts, the minimum number of individuals in the medieval group were 28 
females and 35 males, and for the modern group, 89 females and 88 males.  
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The majority of these populations were rurally based (or at least close to agricultural areas) 
and would have cultivated cereals along with various fruits and vegetables (Saldaña 1974, 
García-Gallo de Diego 1981, Lopez et al. 2012). The presence of a number of different 
groups including Muslims, Jews and Catholics in the area would have helped diversify the 
diet and improve nutrition, sanitation and medicine (Glick 1979, Boone and Benco 1999, 
Novikoff 2005). Epidemics were rife in the Iberian peninsula throughout the 16th and 17th 
centuries, but there was an increase in population in the 18th century, likely due to 
improvements in health care and the introduction of other staple crops such as maize and 
potatoes (Ramiro‐Fariñas and Sanz‐Gimeno 2000, Bertran 2006, Zadoks 2008, González 
1998).  
 
Despite the numerous epidemics, the economy of the area was quite good during this 
period, mostly due to prospering trade with America from the 16th century onwards (Lopez 
et al. 2012).  
3.3.15 Sweden 
Gothenburg 
 
This 17th century cemetery sample consists of 63 adults and 2 subadults from the centre of 
Gothenburg in south-western Sweden. Lingström and Borrmann's (1999) analysis into the 
oral health of this sample consisted of examinations for the presence of dental caries and 
ante-mortem tooth loss. They believed the population to be representative of the 
community, although with some chance that foreign individuals may have been buried 
here, given Gothenburg's importance as a sea port (Lingström and Borrmann 1999). Sex 
was not assigned as this could not be consistently determined due to variations in 
preservation, but the individuals were divided into four age groups: 17-25 years (24), 26-35 
years (32), 36-45 years (5) and 45+ years (2).  
 
Most of the food consumed by these individuals was probably grown locally but, as in 
many European cities, would have been limited in quantity and variety (Lingström and 
Borrman 1999). Frequency of dental caries suggested a probable high intake of fermentable 
carbohydrates, despite the fact that their diet was probably more varied than most 
European towns due to imports and proximity to the coast and therefore, to marine 
protein (Lingström and Borrman 1999). 
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Smörkullen 
 
This early Iron Age burial site, the largest known in Sweden, is located in the south-east of 
the country and has been dated to AD 0-260. Excavations took place on the site in 1900 
and 1922. These excavations recovered around 280 human burials, including 178 
inhumations, 40% of which included grave goods of some kind (Liebe‐Harkort 2012a). Of 
these burials, 96 adults and 50 subadults were chosen for examination by Liebe-Harkort 
(2012a),  including 44 males, 39 females and 13 adults of undetermined sex, for assessment 
of the frequency of dental caries. Examinations were also conducted into frequencies of 
cribra orbitalia and ADP in a second study (Liebe‐Harkort 2012b). 
 
During the Iron Age, there were many farmsteads in the area, with a large community 
farming the surrounding lands extensively (Liebe‐Harkort 2012b). Stable carbon and 
nitrogen data analysis indicated an intake of terrestrial protein supplemented by freshwater 
marine protein, which is unsurprising considering the area’s proximity to freshwater lakes 
(Liebe‐Harkort 2012b). Other elements of the diet are likely to have been bread, porridge 
and other starches. This is corroborated by the dental condition of the individuals 
exhumed; a high rate of cervical caries suggested the regular consumption of starchy and 
abrasive foodstuffs that accumulate around the necks of teeth and thus, lead to greater 
frequencies of caries in this location (Liebe‐Harkort 2012a). 
3.3.16 Switzerland 
Bern-Schanze 
 
Bern-Schanze is located in the city of Bern in western Switzerland. This 18th-19th century 
cemetery was excavated between 2001 and 2002 and revealed 138 individuals from the 
urban population, probably from the lower classes. This is known because in AD 1730 the 
city of Bern introduced separate burial grounds for different social classes, with this site 
being for interment of the poorer classes (Ulrich-Bochslerr et al. 2008).  
 
Investigations were conducted by Ulrich-Bochslerr et al. (2008) into the health of the 
skeletons, determining the presence of 23 subadults and 115 adults including 60 males, 41 
females and 14 adults of indeterminable sex, and analysing the skeletons for Harris lines, 
cribra orbitalia and linear enamel hypoplasia. The temperate and stable climatic conditions 
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meant that growing in the area surrounding Bern would have been far easier than the areas 
surrounding Unterseen (see below) (Ulrich-Bochslerr et al. 2008). Due to this, the variety of 
food included in the diet would probably have been greater and more reliable (Ulrich-
Bochslerr et al. 2008). 
 
Oberbueren 
 
Oberbueren is situated in the midlands of Switzerland, 25 km north east of Bern, and was 
excavated from 1992 to 1997. This 8th-16th century cemetery included around 700 
individuals, 283 of which were included for examination by Ulrich-Bochslerr et al. (2008). 
Of these, 61 were subadults and 222 adults, including 98 males, 102 females and 22 adults 
of indeterminable sex.  
 
Like Bern-Schanze, climatic conditions here were stable and would have been good for 
agriculture, including cereal cultivation (Pfister et al. 1998). This may have led to a more 
varied diet (Ulrich-Bochslerr et al. 2008), although, access to a wider variety of foodstuffs 
would probably have depended on wealth. Nevertheless, it is likely that the poorer class, as 
a generally rural peasant population, would have had better access to the variety of food 
available than their counterparts in the town of Bern. The inhabitants of  Oberbueren lived 
in wooden houses and in close proximity to domesticated animals, which also would have 
increased the likelihood of contracting animal-borne infections (Ulrich-Bochslerr et al. 
2008).  
 
Unterseen 
 
Unterseen is located near Interlaken and is surrounded by the Swiss Alps. Excavations 
were conducted in 1985 on the interior of the Unterseen church, which was first 
documented in AD 1352 (Ulrich-Bochslerr et al. 2008). The excavations revealed 113 
skeletons dating from between the 13th and 16th centuries. These included 69 adults (41 
males, 19 females and 9 adults of undetermined sex) and 44 subadults. These were analysed 
for linear enamel hypoplasia, cribra orbitalia and Harris lines (Ulrich-Bochslerr et al. 2008). 
Given the location of the burials in the interior of the church, it is likely that this group is 
not a random sample of the general population but rather represents individuals from the 
middle to high classes (Ulrich-Bochslerr et al. 2008). Nevertheless, even for people of high 
status, the geographical location of the town meant that living here would have been 
difficult. The position of the town, between the Alps and also between Lakes Thun and 
Brienz, meant the area would have experienced harsh winters, flooding and possible food 
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shortages due to shorter growth periods, and less growing space than in other areas of 
Switzerland (Ulrich-Bochslerr et al. 2008). 
3.3.17 Turkey 
Iznik 
 
This site is located in the Byzantine city of Nicaea, which is now situated within the 
modern city of Iznik, in north-west Turkey. The site was excavated in 1984, and the 56 
individuals recovered are now stored and preserved at the Department of Anatomy at 
Uludag University. The site is dated to the 13th century, when Nicaea was the interim 
capital city of the Byzantine Empire (between AD 1204 and 1261). 52 individuals, 
estimated to be between the ages of 26 and 35, were utilised for a study on ante-mortem 
tooth loss and dental caries (Caglar et al. 2007), along with four subadults. As they came 
from a mass grave, it is possible that their deaths were a result of some sort of conflict or 
violence, but this has not been verified (Caglar et al. 2007).  
 
Although no archaeological evidence has been analysed specifically for this sample, it is 
likely that these individuals lived on a typical Mediterranean diet, with limited cooking due 
to the expense of firewood (Caglar et al. 2007). The fertile lowlands that surround Iznik 
would also suggest the availability of a wide variety of foodstuffs.  
3.3.18 United Kingdom 
Christ Church, England 
 
Removal of the interred individuals in the crypt of Christ Church, Spitalfields, came about 
from a need to clear the crypt for restoration during the 1980s. Removal of the skeletons 
took place in 1984 and 1986 as part of the Spitalfields Project. These individuals were 
members of the Spitalfields parish and were interred between AD 1729 and 1856. Burial 
records existed for 387 excavated individuals, and they indicate a variety of employments, 
though most were employed in the silk industry. The majority appear to have had 
reasonable economic status, particular in comparison to most parishes of the time. This is 
also indicated in the archaeological and artefactual evidence, pointing to a diet high in 
protein and fat, with the addition of a wide variety of fruit, vegetables and cereals 
(Molleson et al. 1993). Their economic status most likely buffered them from the shortages 
and deficiencies that were rife in other parishes, particularly in the poorer areas of London 
(Molleson et al. 1993).  
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Investigations were carried out into the demography, diet, stature, infection rates and oral 
health of all individuals (Molleson et al. 1993). The demographic profiling of the 968 
excavated skeletons revealed 312 adult females, 311 adult males and 215 juveniles. 5 adults 
were unable to be assigned a sex and another 125 individuals were too poorly preserved to 
assign age or sex. The dental health of the group was analysed using a small sample of 70 
adult (and 26 subadult) skulls, selected on the basis of their level of preservation, number 
of teeth present and known identity and age (Whittaker 1993). These are thought to be 
representative of the group (Whittaker 1993, Whittaker and Molleson 1996). Findings from 
this sub-sample have been included in the present study's data-set on ante-mortem tooth 
loss. 
 
 
Raunds Furnells, England 
 
Raunds Furnells is a small burial site located in the small town of Raunds in east 
Northamptonshire. Excavations were carried out from 1977 to 1984 as a result of housing 
and warehouse development in the area that threatened the site. Archaeological evidence 
suggests that the site was occupied almost continuously from the 6th to the late 15th 
centuries, serving a population of around 40 people upon the building of a small church in 
the late 9th or early 10th centuries.   
 
Powell (1996) conducted an examination into the skeletal remains assessing stature, trauma 
and levels of osteitis. Her assessment concluded that of the 376 individuals with numbers 
allocated, 100 were male, 82 female and 181 (predominantly subadults) of unknown sex 
(Powell 1996). Only nine adults were of undeterminable sex. In all, 191 adults were 
excavated, along with 170 subadults and 2 individuals of such poor preservation that age 
could not be determined. Examinations carried out on the adult sample are utilised in this 
comparison, including evidence for dental caries, non-specific signs of infection and stature 
estimations. 
 
St Helen-on-the-Walls, England 
 
St Helen-on-the-Walls is a church and graveyard situated in York and dated to between 
AD 1100 and 1550. Initial explorations were conducted in 1972 by the York Excavation 
Group, with excavations starting in 1973 and continuing for periods until 1978. The site 
was discovered following housing redevelopments in the area. The primary purpose of the 
excavations was to determine a ground plan, date of the church and to excavate the 
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skeletons. This resulted in the excavation of five phases of the church structure and two 
thirds of the adjoining cemetery. A large number of skeletons were excavated from the 
churchyard, a minimum of 1041 individuals (Dawes 1980). The first interments date to 
around the mid 10th century and historical evidence suggests that it is unlikely any 
individuals would have been buried after AD 1550, as the church was then gifted to the 
mayor of the time.  
 
Documentary evidence for this period suggests the parish of St Helen-on-the-Walls was an 
extremely impoverished one (Palliser 1979, Palliser 1980), suffering from sanitation 
problems and local water contamination from sewage dumped in the parish streets (Grauer 
1993). Bubonic plague also recurred in the area from AD 1349 until the 17th century 
(Dawes 1980). An analysis by Grauer (1993) into cribra orbitalia levels in 277 adults (aged 
20+ years) with frontal bones indicated an increased frequency with age that would seem to 
suggest that individuals had an ability to withstand the deficiencies of childhood. This 
publication also analysed levels of infection amongst 335 adults. It is this number which is 
reflected in Table 3.1. In addition, in the first publication on the site, Dawes (1980) 
analysed the dental health of the excavated skeletons, including 374 adult mandibles and 
342 maxillae, some of which belonged to the same individual (248 cases). These results, 
where relevant, are also included in the present analysis. 
 
Wharram Percy, England 
 
The site of Wharram Percy is a Christian church and graveyard north-west of the Yorkshire 
Wolds, 11 km south-east of the town of Malton. The church was first constructed between 
AD 950 and 1050 and subsequently replaced in the 12th century. From this period onwards 
the church and graveyard served several townships, all but one of which (Thixendall) were 
deserted by the 17th century. Work began on excavating the terrace surrounding the 
graveyard in 1962. The burial site consisted in the main of single interments with no 
apparent relationship between sex and location within the cemetery. A total of four burial 
phases were identified. Assignment of phases was based on radiocarbon dating, coffin 
fittings and relationships to datable stratigraphic levels. Individuals who died in the village 
or the parish of Wharram Percy would have certainly been buried here (Mays 2007) and 
current analysis of the cemetery does not suggest any kind of social stratification. 
 
Mays (2007) conducted an examination of the skeletal material and determined that of the 
687 articulated burials; there were 360 adults and 327 subadults. Of the adult sample, used 
in the present comparison, 211 were female, 140 male and 9 of indeterminable sex. This 
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extensive work asssessed levels of dental disease, oral health, Schmorl's nodes, degenerative 
joint disease, diffuse idiopathic skeletal hyperostosis (DISH), infections, porotic 
hyperostosis, indicators for nutritional deficiencies and stature.  
 
Somewhat differing from the norm in the High Middle Ages, stable isotope analyses 
(predominantly Carbon13, Nitrogen14 and Nitrogen15) indicate the consumption of marine 
resources amongst these individuals. Remains of marine fauna have been found in 
settlement areas and δ15N levels indicate that marine food may have provided up to 20% of 
their dietary protein intake, although it is suggested that it was probably much lower than 
this, given the geographical location (Mays 2007). However, despite the distance from the 
coast, it is suggested that Wharram Percy may have acquired some of this marine food 
directly from settlements on the coast or indirectly through trade, and some from 
freshwater fish caught locally (Mays 2007).  
 
Archaeological evidence indicates that livestock would have formed a large portion of the 
Wharram Percy diet. House plans indicate the sharing of living spaces between human 
occupants and their livestock, as was typical during this period, and pottery vessel remains 
used for dairy products affirm the use of animal products to supplement the diet 
(Beresford and Hurst 1990). The presence of animal bones in the Wharram Percy sample 
signifies the use of sheep, predominantly for meat and fleeces, which is indicated by 
slaughter patterns (Richardson 2007). This was supplemented by cattle and pigs and 
occasionally geese, chicken and fish. The absence of the bones of lambs indicates that it is 
highly unlikely that sheep were raised for dairy production (Richardson 2007).   
 
Aberdeen, Scotland 
 
This burial ground in central Aberdeen was associated with a Carmelite or White Friars 
order and dated to AD 1300-1600, serving the general population of the town at the time 
(Kerr et al. 1988). Excavations revealed 150-200 poorly preserved individuals. Of the 
individuals excavated, 52 adult mandibles were available for examination into the presence 
of dental caries and ante-mortem tooth loss (Kerr et al. 1988). 
 
Hallow Hill, Scotland 
 
Hallow Hill is an unenclosed burial ground west of St. Andrew’s in Scotland. The burials 
consisted of long cists in the garden of a house on the hill. Parts of the cemetery were 
organised in a linear fashion and others were not. Excavations were undertaken between 
1975 and 1977 and recovered 145 burials and a large number of loose teeth.  Calibrated 
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radiocarbon dates of 20 human bone samples and two charcoal samples place the dates of 
usage of the cemetery from approximately the 6th to 9th centuries.  
 
Lunt (1996) and Proudfoot et al. (1996) examined the skeletal sample of 69 assessable 
individuals, including 58 adults, for levels of dental disease, linear enamel hypoplasia, 
osteoarthritis and trauma, as part of a general publication on the site (Proudfoot et al. 
1996). Animal bone recovered from the site was predominantly cattle followed by 
sheep/goat, but was probably from more recent periods (Proudfoot et al. 1996). The pollen 
analysis showed evidence for agriculture, but the timing of this is not known (Proudfoot et 
al. 1996).  
 
 
Whithorn, Scotland 
 
Excavations of the churchyard attached to the church of St Ninian in the town of 
Whithorn were undertaken from 1986 to 1993. This was the first major church at the time 
of St Ninian, and was built in approximately the 5th century. Intrusions and invasions 
plagued the church, first by the Anglo-Saxons in the late 7th and 8th centuries, with some 
evidence for Vikings in the 10th and 11th centuries. This unrest continued to occur 
throughout the late 13th to early 15th centuries, corresponding to the churchyard’s main 
phases between AD 1300 and 1450, with the majority of burials occurring in this period 
(Cardy 1997).  
 
Cardy (1997) conducted the initial investigations into the sex, age and pathology of the 
human bones, and determined the presence of 1093 adults and 512 juveniles. Of the adults, 
356 were determined as female, 314 as male and 423 of unknown sex. Lunt and Watt 
(1997) contributed to this initial publication with a comprehensive investigation into the 
dentition recovered from the site including, of importance here, the presence of dental 
caries, abscesses and linear enamel hypoplasias, and is the source which is utilised for this 
study. This was followed by an additional study into the levels of caries in 538 adults and 
196 juveniles from the sample (Watt, Lunt and Gilmour 1997). The site is split across 16 
phases, with skeletal data available for the majority of these phases. Data selected for this 
analysis were from Phases 4-14.  
 
Examination of the animal bones from the site indicate that cattle was a dominant stock 
across all the periods, followed by sheep (or goat) and pigs (McCormick and Murphy 
1997).  A small number of fish and bird bones were obtained, suggesting the consumption 
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of cod (from the fifth period of the site), herring, ling and domestic fowl and geese 
(Hamilton-Dyer 1997). The fish (with the exception of the ling which has its nearest fishing 
ground off Islay) would have been available on the nearby coast and been fresh or 
preserved (Hamilton-Dyer 1997). 
3.4 Summary 
This chapter has presented descriptions of the sample populations, and the sites from 
which they were excavated, providing summaries of the historical, economic, dietary and 
pathological contexts specific to each individual sample. In summary, 39 samples from 
across Europe, including the primary sample from Trondheim, Norway, were researched, 
and data collated for the purpose of further comparison to one another and to external 
factors. These samples were predominantly dated from the 6th to 19th centuries, covering a 
period in European history that included several periods of crisis and prosperity, including 
the Little Ice Age and Medieval Warm Period. These samples are drawn from 19 different 
countries across Europe, as well as Greenland, Turkey and Iceland. 
 
The total number of individuals assessed included 1,992 male adults, 1,919 female adults 
and 1,738 adults of undetermined sex. Additionally, some samples only included a portion 
of the individual, such as the mandible. For the majority of samples, evidence for the 
presence of multiple skeletal lesions was assessed, with the exception only of the sample 
from Turku, where evidence for carious lesions was the only pathology recorded.  
 
The examinations into past research on the health and wellbeing of skeletal samples from 
across Europe will form the basis of analyses in subsequent chapters. Summaries provided 
on each of the European samples have revealed their diversity in terms of history, diet, 
settlement type and external influences on health and subsequently, pathological lesions. 
The effects of these factors will be further explored in subsequent chapters. In particular, 
Chapter Ten will further define these environmental and social factors and variables for 
each sample, and explore their relationships to pathological lesions in greater depth. 
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Chapter Four 
Methodology    
 
This chapter aims to summarise the methods used to assess the skeletal remains from the 
Library site. These include methods for recording preservation, stature, age-at-death and 
sex determinations. Those techniques that refer to oral health, including dental caries, ante-
mortem tooth loss and alveolar-defects of pathological origin are also discussed. Indicators 
of nutritional deficiencies such as linear enamel hypoplasia and cribra orbitalia are also 
outlined, as well as the methods for diagnosing specific infectious diseases, to be used in 
Chapter Nine (disease case studies), and for non-specific signs of infection, such as 
periostitis. Finally, the methods utilised in the application of statistical modelling to the 
results across and within the phases of the Library site sample, and in respect to the 
comparison samples are outlined, with the exception of the methods undertaken for 
Chapter Ten, which will be presented in that chapter. 
4.1 Recording techniques 
Of the 389 individuals excavated from the Library site in the first excavation of the 1980s, 
266 individuals from Phase A, B and C were examined. In order to ensure the consistency 
of analysis, all examinations were carried out independently of the previously published 
information on the site (Anderson 1986, Göthberg 1986, Sellevold 1990). However, 
Anderson (1986) and Göthberg's (1986) analyses of the preservation condition of the 
collection was useful in determining the presence of elements of bone, specifically those 
which can determine age and sex.  Both the osteological reports (Anderson 1986, Göthberg 
1986) and skeletal recording sheets completed during excavation of the material revealed 
that a number of individuals were either poorly preserved, or missing a number of crucial 
elements for sex and age determination. As these aspects were integral to this particular 
study, these individuals were omitted from analysis. Only those individuals Anderson 
(1986) was able to age (at a minimum), were chosen for inclusion. Others that were unable 
to be previously aged were briefly examined for age markers and discounted on the same 
grounds as their exclusion from the previous analyses. Juveniles and children have been 
omitted from this study. Individuals deemed to be under 17 years of age (Anderson 1986, 
Göthberg 1986, Sellevold 1990) were not included. These have not been included for a 
number of reasons.  Firstly, time and financial restrictions limited the number of 
individuals which could be examined as part of this project. Secondly, a number of the 
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comparison samples either do not include sub-adults or there is poor preservation of this 
group. Therefore, for comparative purposes, it was deemed appropriate to limit the 
examinations to adults. 
 
Each individual was analysed individually at length for the following traits: presence of 
elements, sex, age, osteometrics and skeletal manifestations of health and disease. Ideally, 
analysis was to be carried out based on random selection, however, due to the restrictions 
involved in access to the skeletons, these were analysed in the order they were retrieved 
which typically proceeded in numerical order. Individuals were laid out in anatomical order 
and analysed in full at this time.   
 
A skeletal recording form was used for each individual, and each of the above traits was 
recorded. Firstly, the presence of each element was noted and, if possible, bones were sided 
to the correct anatomical position. Presence was noted both numerically and illustrated on 
a skeletal diagram. The presence of permanent dentition was also noted in the same 
manner.  
4.2 Preservation 
Preservation of the skeletons was addressed in two ways - both from completeness of 
skeleton and presence or absence of specific elements. Completeness of each adult skeleton 
was scored according to four different stages, these being: 
1. Less than 25% of bones preserved. 
2. Between 25-50% of bones preserved. 
3. Between 50-75% of bones preserved. 
3. 75% or more of bones preserved.  
Additionally, each element of the skeleton was noted as present or absent and the presence 
of key components of the bone, such as the epiphyses and shaft, were also noted. Those 
elements that were over 75% complete were utilised in the present study. The results of 
this assessment are presented in Chapter Five, section 5.2. 
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4.3 Demography 
4.3.1 Sex assessment 
Sex assessment was carried out prior to age estimation, as many of the traits used for age 
estimation are reliant on a known sex for the individual. Assessment of sex was carried out 
if individuals were deemed to be young adults, but sex of the individual remained unclear in 
many of these instances.  
 
Sex assessment can be difficult to carry out, so a multivariate analysis was employed in 
order to provide a number of independent scoring systems. In a study on the reliability of 
sex determination, Ðurić et al. (2005) found that with the combination of pelvic and cranial 
traits, estimations were 95.04% to 100% accurate, depending on the experience of the 
anthropologist. However, the study did find a low accuracy for individual cranial traits, with 
a combined accuracy of 70.56%, versus a mean ration of correct sexing of the pelvis of 
93.49%  (Ðurić et al. 2005). Spradley and Jantz (2011) found that sex estimation using the 
multivariate analysis of the postcranial skeleton was more successful in determining sex 
than measurements taken from the cranium. However they do reaffirm the need for 
population-specific estimates of all indicators to estimate sex with minimal error (Spradley 
and Jantz 2011). For the above reasons, examination of pelvic morphology was considered 
the most reliable indicator of sex. 
 
Os coxae morphology was the first means by which sex estimation was carried out on the 
individuals. Examination of the greater sciatic notch (Buikstra and Ubelaker 1994, Walker 
2005), ventral arc, subpubic concavity, ischiopubic ramus ridge (Buikstra and Ubelaker 
1994), composite arch and preauricular surface (Bruzek 2002, Kjellström 2004, Listi and 
Bassett 2006) were carried out. Scoring was according to the methodologies as listed above, 
except in the case of the composite arch, where amendments by Kjellström (2004) to 
Bruzek’s (2002) original technique were utilised. As some of these techniques have 
different scoring scales, these were standardised following data collection. 
 
Cranial morphology is also extremely valuable in assessing the sex of skeletal material, 
although as discussed above, there is evidence that some postcranial measurements may be 
more accurate (Spradley and Jantz 2011). It is for this reason that these traits were scored in 
conjunction with examinations of os coxae morphology wherever possible. This is also 
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important in helping to limit the effects of genetic variation in sex determination (Listi 
2010).  
Scoring of the nuchal crest, mastoid process, supraorbital margin, glabella prominence, 
external occipital protuberance, orbital form and mental eminence were recorded (Walrath 
et al. 2004). In addition, traits considered by Williams and Rogers (2006) to be of a high-
quality, that is, with low intraobserver error and high accuracy, such as general size and 
architecture, rugosity of the zygomatic extension, size and shape of the nasal aperture and 
gonial angle, were also examined and scored according to the methods they describe. 
 
Measurements from the long bones were also utilised to assess sex, and to ascertain 
population-specific sectioning points for female and male individuals. Long bones, 
particularly femora, generally survive more often in an archaeological context in 
comparison to certain aspects of os coxae morphology. This makes the use of long bone 
measurements a useful tool for sex determination, alongside other techniques that are more 
reliant on preservation of delicate areas of bone. This method has already been used in 
several previous studies (Porter 1995, Mall et al. 2001, Alunni-Perret et al. 2008, Cowal and 
Pastor 2008, Rissech et al. 2008, Spradley and Jantz 2011) and was found by İşcan (2005) to 
be the preferred technique for determining sex in his study of 12 anthropological research 
papers.  
 
A number of measurements were chosen in this application. The method of Albanese et al. 
(2005) posits the creation of an overall mean of specific bone measurements for each 
sample which can be used as a sectioning point for sex determination and is therefore, 
specific to each population. This method has been utilised for sex determination of skeletal 
populations from Canada, Spain, Georgia, Great Britain and Portugal  (Albanese et al. 2005, 
Gapert et al. 2009, Mayall 2011, Bonsall 2014, Gonçalves et al. 2014). This technique was 
also included in a study undertaken by Mayall (2011) into sex determination of human 
remains. Mayall (2011) determined that this and other multivariate methods allowed for 
greater flexibility in determining the sex of remains with considerable accuracy. The sample 
size utilised here also reaches the minimum requirements for accuracy of sex determination 
using this method (Albanese et al. 2005). This study refers to a number of measurements 
which have been tested for precision and accuracy. All those that resulted in an allocation 
accuracy of between 90% - 100% by Albanese et al. (2005) and were consistently available 
within the sample were chosen for inclusion in this analysis. These included measurements 
from the humerus including maximum diameter of the head, epicondylar breadth and 
condylar breadth, and the femoral head diameter. 
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Sectioning points specific to the Library site sample were calculated by adding the means of 
measurements for individuals for whom sex could be attributed, specifically from pelvic 
bone indicators (ventral arc, ischiopubic ramus, subpubic concavity). Those without these 
indicators but with long bone measurements above the sectioning points determined were 
classified as possible male and those below, possible female (Table 4.1). These estimations 
were then added to other previous data relating to the sex of these individuals. A number 
of other methods were also considered but not included, as the research was population-
specific (Porter 1995, Alunni-Perret et al. 2008, Cowal and Pastor 2008, Robinson and 
Bidmos 2009).  
 
A discriminant function analysis was not carried out on these measurements for a number 
of reasons. Firstly, as discussed above, the method described by Albanese et al. (2009) is 
commonly utilised in more recent archaeological analyses of sex determination, and is less 
problematic compared to other methods relating to sex estimation utilising long bones. 
Secondly, discriminant function analysis was likely to have marginal effects on the results 
presented below. Thirdly, given that the majority of comparison studies did not utilise 
discriminant function analysis for sex estimation, it was considered that carrying out the 
method as outlined was the most appropriate for comparative purposes.   
 
Table 4.1: Summary table of the sectioning points for long bone sex estimations 
n1 Mean2 Range2 Overlap2 SP2,3
Humeral Head Diameter
Female 19 42.03 36.93-49.32
Male 22 47.21 40.20-53.99
Humeral Epicondylar Breadth
Female 24 56.61 48.44-61.05
Male 26 65.74 53.18-72.77
Humeral Condylar Breadth
Female 24 37.95 35.86-46.26
Male 26 47.55 38.98-54.44
Femoral Head Diameter
Female 23 41.39 37.62-45.1
Male 26 47.25 38.28-53.89
1number of individuals examined
2all measurements in centimetres
3sectioning point
38.28-45.13 44.5
40.2-49.32 44.81
53.18-61.05 61.36
38.98-46.26 44.6
 
 
Initial categorisation of the skeletal remains placed them into one of five sex groups: male, 
probable male, female, probable female and undetermined sex. Those assessed as 
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definitively male or female were those where 80% of indicators for sex from the pelvic 
bone and in the absence of these, the skull, were in agreement as to a single sex. In the case 
of probable male and female, these were determined using secondary measures, such as 
long bone estimations, whereby 80% of these traits indicated a single sex. In the absence of 
these, over 60% of combined pelvic/cranial traits indicating a single sex were required for 
determination of a probable sex. For the purposes of examination alongside health 
variables, these were then combined into three groups: male (M), female (F) and 
undetermined sex (?sex).  
4.3.2 Age estimation 
The age-at-death estimation of individuals is highly complex, with younger adults far easier 
to age than older individuals, who become increasingly difficult to age accurately. Age and 
sex assessment techniques were carried out independently from each other and from those 
already conducted during the initial excavation and subsequent publication.  
 
A multivariate analysis was necessary in order to avoid the discrepancies and issues which 
arise from using one ageing technique, as recommended by Kemkes-Grottenhaler (2002). 
While the below techniques can result in inaccuracies, particularly in the under-
representation of old adults due to the degradation of the skeleton, it was judged that 
utilising multiple ageing techniques for each skeleton would assist to mitigate any errors 
arising from the use of a single method. The pubic symphysis (Todd 1920, Todd 1921, 
Brooks and Suchey 1990) was scored for both sides of the os coxae, according to the stages 
set out by Brooks and Suchey (1990), known as the Suchey-Brooks method. Amendments 
by Berg (2008) to the scoring system, including the addition of a new phase (VII) and the 
redefinition of phases V and VI were also included. These amended phases only applied to 
female individuals, males were assessed based on the phases first described (Brooks and 
Suchey 1990).  
 
Analysis of the auricular surface, as defined by Lovejoy et al. (1985) and Meindl and 
Lovejoy (1989) was also carried out, aided by the use of photographic evidence published 
by Phenice (1969) and the methodology as set out by Buckberry and Chamberlain (2002). 
Both of these techniques for the auricular surface were utilised. Although the new 
technique is more easily applied, and is more accurate in determining age for those over 50 
years, it appears to be less accurate than the original method for those aged between 20 and 
49 (Mulhern and Jones 2005, Falys et al. 2006). These techniques are considered to be fairly 
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accurate methods of age estimation, however, preservation of these areas is quite often 
poor and therefore the use of this technique is highly dependent on the quality of the 
skeletal material being analysed. 
 
The following methods were also used, but considered as secondary to the evidence 
provided by os coxae estimations. Sternal rib estimation, as with os coxae scoring 
techniques, is highly dependent on preservation of sternal ribs, particularly the 4th right 
sternal rib end. Scoring was carried out according to a revised method published by 
Hartnett (2010), which re-examined the technique originally published by İşcan et al. (1984) 
and Loth and İşcan (1989). Hartnett (2010) provided new descriptions and summary 
statistics, along with a further emphasis on bone quality. In instances of the absence of the 
4th right sternal rib, the left rib or the 3rd or 5th ribs were substituted. 
 
An analysis of molar dental wear morphology, according to estimation techniques 
published by Scott (1979) was conducted on all individuals to assist in age determination. 
Further information on dental wear scoring can be found in Section 4.5.3. Particular focus 
was paid to this technique for individuals where the previous determination techniques 
could not be applied. Regression analysis was carried out on individuals for whom age 
could be reliably determined using the Suchey-Brooks technique for the pubic symphysis. 
These individuals were mapped along with the wear scores from all present molar teeth 
(including third molars) from the mandible and maxilla. Each individual was given an age 
range (17-25 years, 26-35 years, 36-45 years, 46-55 years, 55+ years) and each tooth wear 
rate was mapped against this age category (See Appendices A and B). 
 
Only teeth for which regression analysis resulted in an r2  value of  ≤-0.5 or ≥0.5 were 
deemed suitable for determining the age of skeletal material, thereby excluding all teeth 
from the left side of the maxilla, of which all calculations resulted in r2  values between 
these values. Those included were from the right maxilla: M1, M2 and M3, from the right 
mandible: M1, M2 and M3, and from the left mandible: M2 and M1. The use of third molars 
is not necessarily desirable, however due to the variability of eruption from individual to 
individual, these were included for those individuals who had no other teeth present. These 
teeth were ordered in preference according to the r2  values produced by the regression 
analysis. This formed the basis for further determinations of individual teeth. Favoured 
teeth were numbered 1 through 8, and an individual's age based on tooth wear was 
determined from the highest preferred tooth available (1 being most preferred and 8 being 
least).  
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All other age estimators were then used by relevant priority, with pelvic indicators of age of 
highest relevance and dental indicators of lowest relevance, to sort individuals into the 
same age ranges as those utilised for the dental wear age determinations.  
 
These age estimations were added to previously collected data from other techniques to 
determine age and were considered along with other estimators. Age estimations based on 
dental wear were given greater prominence in the absence of estimations based on the 
Suchey-Brooks or Auricular surface techniques.  
 
In summarising the demography of the population, the current study presents five age 
categories: 17-25 years, 26-35 years, 36-45 years, 46-55 years, and 55+ years. These age 
groupings were based on those provided by age estimation methodologies, and groupings 
used by other comparison samples. For the purposes of examination alongside health 
variables, these were then combined into two groups: young adult (YA) consisting of the 
first two groups (17-35 years) and old adult (OA),consisting of the final three age groups 
(36 years and over).  
 
Due to the limited number of individuals from the fifth age group (55+ years) it is 
recognised that this kind of determination is likely under-ageing certain individuals and the 
population as a whole. Unfortunately, the lack of individuals present, both due to the lack 
of elderly individuals in itself and the issues surrounding pubic symphyseal preservation at 
this later stage (and in general) has served to likely further depress age estimations.  
4.4 Stature estimation 
A number of postcranial measurements were taken and were used in the application of 
stature estimation as defined by Trotter and Gleser (1952, 1958, 1977) and Trotter (1970). 
This method was deemed appropriate as the majority of comparison samples utilised 
within this thesis have used this method, including samples from Germany, Norway, 
Iceland, Greenland and Scotland (Cardy 1997, Lynnerup 1998, Gestsdóttir 2004, Jakob 
2009), along with other important research into European and Scandinavian stature 
(Steckel 2004). Brandt (2009) recommends viewing these estimations with caution and to 
provide standard deviations, which have been included in stature estimations for the 
Library site sample in Chapter Five.  
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In determining adult stature, the diaphyseal lengths of several long bones from as many 
individuals as possible were taken. Lower limb bones were preferred when available, but 
upper limbs were also utilised in the absence of these. Bones from the left side were 
predominantly recorded for length, unless these were absent and the right side was 
substituted. In addition, only those individuals who could be reliably sexed through pelvic 
and cranial traits were utilised, as the formulae rely on the separation of males and females 
(Trotter and Gleser 1952, Trotter and Gleser 1958, Trotter 1970, Trotter and Gleser 1977, 
Jantz 1992).  
 
An osteometric board was used and lengths were recorded in millimetres. Results of stature 
determination were recorded to two decimal places, particularly for the purposes of 
comparisons to other European samples which in some cases, utilised two decimal places. 
Where possible, a combination of the femur and tibia was used. Other combinations and 
singular bone measurements included the femur, fibula, humerus, humerus and radius, 
humerus and tibia, humerus, radius and femur, radius, tibia and ulna. This was undertaken 
in order to make height determinations of individuals from the Library site sample more 
robust. 
4.5 Oral health 
Examination of the dentition provides an opportunity to assess health levels in 
populations, utilising a part of the skeleton that is quite often well preserved 
archaeologically. Individuals from the Library site sample were examined for dental wear, 
ante-mortem tooth loss (AMTL), dental caries, and alveolar defects of pathological origin 
(ADP). Where possible both the number of individuals affected ("crude prevalence rate") 
and number of elements affected ("true prevalence rate") were recorded. This was also the 
case for observations relating to cribra orbitalia, linear enamel hypoplasia and non-specific 
infection.  
4.5.1 Recording techniques 
Dental remains were recorded for presence and absence of dentition, with maxilla and 
mandible dentition and alveoli being recorded separately. These were recorded both 
numerically and on an illustrated diagram. Any other abnormalities were also noted. 
Percentage of visibility for the four sides (buccal, mesial, lingual and distal) was also 
recorded during this initial examination, with supragingival calculus formation recorded as 
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a percentage of tooth surface. Dental chipping was recorded by allocating a percentage 
value to the amount of remaining enamel on each quadrant of the circumference of the 
tooth.  
4.5.2 Dental calculus 
The presence or absence of calculus on the labial surfaces of the dentition was recorded for 
the Library site sample. Although the presence of calculus can be considered as evidence 
for specific subsistence or oral hygiene practices (Lieverse 1999), this was not the 
predominant reason for the collection of this information. Rather, the effect of dental 
calculus on obscuring the labial surfaces and thus inhibiting the examination for 
pathological lesions of the dentition, particularly linear enamel hypoplasia, meant that its 
presence was important to record. Calculus was scored as either present or absent, along 
with the location of calculus on the tooth surface and percentage of cover.  
4.5.3 Dental wear 
Dental wear typically occurs on the occlusal surfaces of the dentition and can be attributed 
to a number of factors including cultural activities, environmental influences and diet 
(Roberts and Manchester 2007). Examination of dental wear can be applied to age 
estimation and in reconstructions of diet. In this case, levels of dental wear were utilised, as 
previously outlined, in aiding to determine age in individuals who lacked other important 
elements for the application of age determination techniques. The stages of dental wear 
were examined according to definitions set out by Scott (1979) and Smith (1984). The 
entire dentition was examined, with levels of dental wear in premolars, canines and incisors 
scored according to the stages set out by Smith (1984). The techniques outlined by Scott 
(1979) were utilised in examining levels of wear in molars. Both of these techniques were 
used as the Smith system discriminates poorly when rates of wear are low (Buikstra and 
Ubelaker 1994) and Scott’s system is far more complex in determining wear on molars 
(Hillson 1996).  
4.5.4 Ante-mortem tooth loss (AMTL) 
Ante-mortem tooth loss can be the result of a number of different factors such as poor 
oral hygiene, cariogenesis, wear, deliberate removal and nutritional status (Lukacs 1995, 
White 2005, Lukacs 2007). AMTL as defined by Lukacs (1989) is the "progressive 
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resorptive destruction of the alveolus," thus, AMTL was observed and recorded on the 
basis of the presence of a remodelled alveolar socket, or one that was in the process of 
healing.  
4.5.5 Dental caries 
Dental caries appear as eroded regions of enamel and are positively associated with an 
increase in the consumption of carbohydrate-rich foods and poor hygiene (Hillson 1996), 
providing an insight into dietary habits in an archaeological context. However, there are 
also arguments to suggest that female biology and increased fertility can contribute to poor 
oral health, particularly an increased frequency of caries (Willis and Oxenham 2013).  
 
Carious lesions are a result of the demineralisation of dentition tissues by acids e.g. 
Lactobacillus acidophilus and Streptococcus mutans, and the fermentation of carbohydrates, 
specifically sugars (Ortner 2003, Roberts and Manchester 2007, Larsen 2015). These 
regions of eroded enamel can appear as opaque spots to very large cavities (Hillson 1986). 
Their regular occurrence in the archaeological record makes them an important means by 
which diet can be reconstructed (Hillson 2001). 
 
Examinations for the presence of dental caries were carried out on all permanent dentition 
available. Unerupted teeth were not included and any individual with at least one 
permanent and erupted tooth was included. Each tooth was scored for presence of caries 
according to the methodology as set out by Hillson (2001), recording the position and type 
of carious lesions on each tooth, with some minor alterations. Rows for occlusal attrition 
facet dentine caries and occlusal attrition facet enamel edge chipping and caries were not 
initially included, due to their low occurrence generally (Hillson 2001), and did not occur 
within this sample. Whilst incisors and canines generally present little evidence for caries, 
particularly in comparison to premolars and molars (Hillson 1996), these were still 
examined.  
4.5.6 Alveolar defects of pathological origin (ADP) 
Alveolar defects of pathological origin (ADP) can occur for a number of reasons which 
include but are not limited to: wear, dental caries (Clarke 1990) and trauma (Buikstra and 
Ubelaker 1994). These occur as a result of a collection of pus forming in a cavity following 
tissue disintegration, and the subsequent appearance of a drainage sinus. These are often 
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underestimated in archaeology, as defects can be present prior to sinuses being formed. If 
sinuses are not formed prior to the death of the individual, it is only possible to detect 
these defects with x-ray examination but this technology is often not utilised. Unfortunately 
in this case also, x-rays were not taken due to time restrictions and concerns from the 
institution around removing the individuals from the housing facility .   
 
Differential diagnosis of ADPs was carried out according to the criteria described by Dias 
and Tayles (1997). Type (cyst or abscess only) and size of defect were recorded for each 
sinus present, measured using needle tip calipers, and noted as either healed or active 
(Lukacs et al. 1989, Clarke 1990). Location of each defect was also recorded individually on 
maxilla and mandible diagrams for specifically recording ADP. Where abnormalities could 
not be differentiated between an abscess in the process of healing or the thinning of the 
alveolus, these were not recorded as ADPs. Healing of an abscess was identified from the 
presence of remodelled bone. Periodontal pockets were not recorded in this study. 
 
The term "alveolar defects of pathological origin" is adopted from Oxenham and Domett 
(2011), in order to avoid confusion regarding the origin of the infection.  
4.6 Nutritional deficiencies and physiological stress 
4.6.1 Cribra orbitalia (CO) 
Cribra orbitalia (CO) and porotic hyperostosis (PH) can be linked to a number of 
aetiologies, including haemolytic, megaloblastic and iron-deficiency anaemias (Oxenham 
and Cavill 2010). Cribra orbitalia is porosity manifesting on the internal surface of the 
orbits, whilst porotic hyperostosis is limited to the cranial vault. This abnormality is the 
result of a lack of iron in the blood stream, which then affects the body's ability to produce 
haemoglobin in the red blood cells. This leads to the body compensating by producing 
greater numbers of red blood cells, causing the marrow expansion that leads to these 
lesions. It can be caused by a number of dietary and non dietary factors, such as parasites, 
infection, malnutrition and genetic diseases, and can be related to the efficiency of the 
absorption of iron, as well as availability of iron (Stuart-Macadam 1989, Larsen 2015). 
Whilst there has been some controversy surrounding the causes of cribra orbitalia and 
porotic hyperostosis (Walker et al. 2009), recent research argues that both genetic and 
environmental (such as iron-deficiency) anaemias are considered the primary cause for 
cribra orbitalia in subadults (Oxenham and Cavill 2010).   
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Individuals with one or more orbits intact were included for analysis. Recording of CO 
noted degree (faint, porosity, coalescing foramina), location and activity (active, healed, 
mixed reaction). Porotic hyperostosis was not present in this sample and thus, not 
recorded.  
4.6.2 Linear enamel hypoplasia (LEH) 
Linear enamel hypoplasia (LEH) are a quantitative defect of enamel usually appearing as 
pits or grooves across the enamel surface. These hypoplastic defects occur throughout the 
growth period of dentition due to interruptions to growth, caused by stresses to an 
organism, and may be due to nutritional deficiencies or disease (Ortner 2003). This then 
upsets the activity during amelogenesis. Three kinds of causes for LEH are typically posed: 
hereditary anomalies, localised trauma and metabolic stresses (Goodman and Rose 1991). 
Therefore, this provides a unique opportunity to examine individuals for such episodes 
throughout their growth periods. Linear enamel hypoplasia will be referred to as LEH and 
hypoplastic defects interchangeably. Defects as they occur were considered singularly 
rather than as a group of defects caused by a single episode of stress interrupting growth. 
While it is possible to determine the age of onset for individual defects, this was beyond 
the scope of this study. 
 
The examination for hypoplastic defects was carried out predominantly on canines and 
incisors as there is a tendency for LEH to occur in the anterior teeth (Larsen 2015). Molars 
and premolars do not tend to exhibit these calcification changes frequently (Goodman et al. 
1980, Goodman and Armelagos 1985, Danforth et al. 1993). However, where this defect 
was present on molars and pre molars it was recorded. Dentition with defects were 
classified based on the Developmental Defects of Enamel (DDE) Index (Ainamo and 
Cutress 1982), which includes pits, grooves and lines, as well as accentuated perikymata. 
Hypoplastic defects were graded in terms of width, depth and definition (Duray 1996). 
Location of each hypoplastic defect was scored (Ainamo and Cutress 1982), as was the 
distance of the defect to the cemento-enamel junction (CEJ) using needle tip calipers 
calibrated to the nearest 0.05 mm.  
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4.7 Infectious disease 
In order for a full examination of the frequencies of osteological signs of health and disease 
present in this population to be completed, any pathological lesions or alteration present 
were recorded. Compilations of these were then used to carry out differential diagnoses on 
certain individuals, where the number and pattern of lesions were indicative of causation by 
a specific pathogen or traumatic event. Pathological lesions were separated into the 
following categories: abnormality of shape, abnormality of size, abnormal bone loss, 
abnormal bone formation and vertebral pathology (Buikstra and Ubelaker 1994). Aspects 
of each lesion or alteration present were individually recorded, photographed and if 
necessary, illustrated and attached to the individual’s records. Each pathology sheet 
recorded several aspects of the abnormality as set out by Buikstra and Ubelaker (1994). 
Any additional notes and comments were taken at this time. This was an extensive 
approach which minimised errors in data collection. This was particularly important 
considering the limited time frame available to conduct this primary analysis in Trondheim. 
All recording forms noted individual identification numbers, bone, side, section, and 
photographs or illustrations taken of the specific pathology. 
4.7.1 Non-specific infection (NSI) 
Osteomyelitis was not definitively confirmed as present in this population, due to the 
absence of any sequestra or cloacae on infected bones (with one exception), and so 
periostitis was used to gauge general levels and patterns of community infection.  
 
Periostitis is a basic inflammatory response to bacterial infection or trauma that results in 
new, loosely woven bone which may later incorporate into the underlying cortex. Today, 
typical causes of infection are staphylococci, streptococci, pnuemococci and typhoid 
bacillus, all of which could have been at work in the archaeological record to cause 
infections in the periosteum of bones (Roberts and Manchester 2007). Although the bone 
changes in these cases may not all be definitively caused by periostitis, the absence of x-rays 
has made this difficult to determine. Therefore in this instance and for comparative 
purposes, it is referred to as non-specific infection (NSI). 
 
Recent work by Weston (2008) has warned against the use of the term "non-specific 
infection", where a full account of an individual's skeleton is not taken.  This was based 
firstly on the observation that the traditional mode of storage for skeletal remains was to 
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group bone types together, ignoring the individual context of that bone. Weston's (2008) 
investigation into the specificity of periosteal reactions in museum specimens determined 
that disease progression, rather than type was an important factor in lesion appearance, and 
that it was not possible link definitive characteristics of periosteal reactions to individual 
disease states through observation of bone type alone. The conclusion drawn from these 
results was to warn against attempting to infer diagnoses from incomplete skeletons. Whilst 
the recommended use of radiographs could not be utilised here, due to financial 
restrictions, the research attempts to mitigate these issues by assessing all bones within the 
context of each individual, rather than separately, and only diagnosing non-specific 
infection where levels of preservation were high (see Section 4.7.2). Discussions regarding 
the frequency of non-specific infection in the Library site sample also include reference to 
the influence of specific infectious diseases on the rates of NSI in the sample.  
 
Weston (2008) has noted that no standardised terminology or methodology has yet been 
applied in palaeopathology for the recording of periostitis. This analysis attempts to 
conform to those methods most commonly utilised by comparison sample data collection. 
Recording of NSI in general included specific location of the formation, the presence of 
new or woven bone, presence of spicules, other features such as cloacae, and the presence 
of ossified tissue, along with any changes in shape and/or size. These were then reviewed 
and periostitis diagnosed in a number of individuals. The resulting data was then collated 
and tabulated according to the total number of affected individuals and elements. This was 
expressed as a crude prevalence rate against the sample population, with age-specific and 
sex-specific rates also given to take into account their impact as possible confounding 
factors in lesion prevalence.  
4.7.2 Specific diseases 
Each individual with more than one pathological lesion (excluding pathological lesions of 
the dentition) was assessed for the viability of diagnosing a specific disease as the cause of 
the pathological lesions present. Each individual that was deemed suitable then had a 
differential diagnosis conducted on each of the abnormalities present. These were then 
brought together and assessed both individually and collectively in regards to infections, 
trauma and other diseases that present with similar skeletal manifestations. Diagnoses were 
made on the basis of these findings and are discussed in Chapter Nine.  
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4.8 European comparison samples 
Due to the nature of this study in gauging the effects of external factors on health and 
levels of disease in human populations over time, a number of comparative samples were 
chosen based on their similarities to the primary sample in Trondheim. Details on selection 
of these samples were outlined in Chapter Three.  
 
A number of classifications were attributed to these samples, in order to compare the 
influence of social and environmental variables on health and disease (see Chapter Ten). 
These included diet, settlement type, climatic classification, latitude, distance to the coast 
and climatic period. More details on the attribution of these classifications can be found in 
Chapter Ten, section 10.2.  
4.9 Statistical analyses 
4.9.1 The Library site sample 
 Due to the non-parametric and heterogeneous nature of the data, a form of regression 
analysis was conducted on intra-sample sex and age-at-death comparisons both across and 
within the phases of the Library site. A generalised linear model (GLM) with binomial 
distribution was applied to the data using the statistical software Genstat v.15, to assess 
how age and sex affected a range of data, and was also used for subsequent analyses of the 
Library site material as described below. GLMs are commonly used to assess how factors 
(age and sex) affect variates (e.g. tooth data, frequencies of cribra orbitalia) in non-
parametric data.  
 
GLM modelling was chosen specifically due to the composition of this sample and the 
complexity of this type of modelling. Whilst both χ² (i.e. chi square analysis by Pearson's 
correlation) and GLM could have been used to model this data, χ² analyses only include a 
sub-set of data, and thus do not give an overall statement of the significance of the 
interaction between terms (variables). In addition, GLM includes the full set of data, 
resulting in a smaller error and results that are more statistically robust. Given the 
complexities of the data taken from the Library site sample, a GLM was the most 
appropriate technique to assess this larger data set.  
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All data based on tooth, alveoli and element count was modelled with Genstat estimating 
dispersion. In all other cases (such as for individuals), the dispersion was fixed at one. In all 
modelling of pathological lesions, only females and males of determinable age were utilised. 
No adults of undeterminable age and/or sex were included in these comparisons. 
 
This modelling was not applied to the individual count of caries or LEH, or in teeth with 
greater than two caries in Phases B and C. This was due to insufficient data for Phase B 
and C for teeth with two or more caries, which was lower than the requirements for the 
model. In these cases, a direct comparison of frequencies by age and sex groups was 
presented without statistical modelling.  
 
GLM modelling was applied to variates including the percentages for caries (by tooth 
count), ADP and AMTL (by alveoli count), cribra orbitalia and non-specific infection. Age 
and sex were utilised as factors and compared within the main phases (B and C) and across 
the sample as a whole, inclusive of all three phases. These main phases were also utilised as 
factors and specific age and sex groups were compared to one another in this manner. 
Frequencies of pathological lesions for Phase A were not included within the thesis 
(excepting where Phase A individuals are included in the total frequencies for all phases of 
the Library site) due to the poor preservation from this phase, skewed female ratio and 
limited material available for analysis. In addition, as dating was not conducted through the 
course of this research and was instead taken from initial analyses of the site, it was 
considered best practice to continue to separate the phases rather than combine them 
arbitrarily, at least until further and more stringent dating assessments can be conducted.  
 
Tables presenting the frequencies of pathological lesions and p-values are presented for 
each pathology in the relevant chapters. These figures have been reproduced from those 
provided by the modelling carried out in Genstat.  
4.9.2 European comparison samples 
Data from the comparison samples were separated and collated based on pathology. 
Variates available included: percentages of dental caries, ante-mortem tooth loss, ADP, 
linear enamel hypoplasia, cribra orbitalia, periosteal infection and mean stature. In most 
samples, adults of indeterminate age and/or sex were also included in the author's analyses 
and have been included in this way here, and hence, so have those from the Library site 
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sample. Any exceptions are noted within the tables collating the frequencies of each 
pathology. All dentition used is adult permanent dentition only.   
 
In the specific instance of the samples from the Icelandic sites of Haffjarðarey and Viðey, 
the preliminary nature of this report meant that pathological lesions were given as 
observable events in individuals and express a minimum number of observable individuals 
rather than total number. In all other cases the percentages expressed are taken directly as 
published. 
 
To overcome any issues of disparity across the data, in all instances of modelling regarding 
the comparison samples, excepting Chapter Ten, a multivariate analysis was utilised. 
Specifically, data from several different variables (e.g. ADP, AMTL, caries) were collated 
and analysed using principal component analysis (PCA) (using the statistical program, 
JMP11), in order to examine the differences and similarities between these samples by the 
factor of sites/locations. A multivariate statistical analysis was chosen for a number of 
reasons. Firstly the focus of this thesis was to assess a number of pathological variables 
together rather than singular variables, which would be assessed later in Chapter Ten 
against social and environmental variables. Secondly, univariate statistical analysis is less 
robust and commonly has a higher risk of errors compared to multivariate analyses, 
particularly with data sets that may have missing data (as discussed above).   
 
Principal component analysis (PCA) is a commonly used technique in the analysis of 
multivariate data to simplify and visualise complex data sets (Joliffe 2002). PCA is 
considered an exploratory analysis and as such, was considered suitable for a comparison of 
the pathological lesions in these samples without consideration of other variables (to be 
examined in Chapter Ten). In addition, a PCA is an appropriate technique where data sets 
across samples are heterogenous, which was particularly important for examinations in this 
research (Joliffe 2002). Not all of these sites had data available for all lesions, so a 
multivariate analysis, such as a PCA, provided a more reliable method for analysing 
similarities and differences in the absence of this data.  
 
Principal component analysis has not been extensively utilised in palaeopathological 
analyses, though, Baxter (1994) has discussed this technique amongst other multivariate 
analyses as they apply to archaeology, and it has been used throughout bioarchaeological 
research in studies analysing metric variation. This technique has been used extensively 
within the biological sciences and particularly in genome-wide expression studies 
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(Nakamura et al. 1988, Raychaudhuri et al. 2000, Ben-Hur and Guyon 2003, Wall et al. 2003, 
Ding and He 2004, Karasik et al. 2004, Price et al. 2006, Novembre and Stephens 2008, 
Reich et al. 2008, Ringnér 2008), which confirms its suitability for application to this 
pathological data.  
 
There are multiple steps to a PCA. Firstly, pathological variables were analysed using a 
correlation analysis. Correlations were tabulated and scatter plots utilised to check the 
validity of the resulting correlations as indicated by the statistical program JMP 11. 
Analyses of relationships resulting in r2 values ≤-0.5 or ≥0.5 were considered positively or 
negatively correlated. This criterion was chosen, as while these types of analyses are not 
common in bioarchaeology, in past analyses, particularly in relation to methodological 
techniques for examining stature and the dentition, deviations from zero and under 0.5 
were considered unimportant (Stern and Skobe 1985, Schmidt 2010), while those resulting 
in values above 0.5 were considered noteworthy (Spoctor and Manger 2007, Giurazza et al. 
2013). Data that were strongly correlated to one another, and that were indicative of the 
same pathology (e.g. number of caries by tooth versus individual)were removed from the 
PCA, as these may have influenced or skewed the analysis. In the instance where a PCA 
was not utilised in-complete due to correlations of pathological lesions (such as in the case 
of Chapter Eight, in that all observations related to non-specific infection), correlations 
were still conducted utilising PCA in order to ensure consistency of analysis throughout the 
study.  
 
In the case of Chapters Five to Eight, these variables were limited to pathological lesions 
and stature estimations only. After undertaking the correlations, the variables used in the 
PCA included: mean male stature, mean female stature, caries by tooth count, AMTL by 
tooth count, ADP by individual, cribra orbitalia by individual and LEH by tooth count. In 
Chapter Ten, additional environmental and social variables were also included, in order to 
gauge what relationships existed between these and the frequencies of pathological lesions 
in these samples.  
 
Generalised linear modelling was also applied to a comparison within social and 
environmental variables by pathological variable in Chapter Ten. This was undertaken 
according to the methods for the modelling of relationships with the Library site sample, as 
outlined in section 4.9.1. Further information on the statistical modelling applied to 
examinations of environmental and social variables and their relationship to pathological 
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variables, including the application of analyses of variance and linear regression, are 
presented in Chapter Ten. 
4.10  Intra and inter-observer differences 
In order to minimise the risk of intra-observer error related to the recording of lesions and 
measurements, the Library site specimens were to be examined in random order. However, 
due to the way the skeletons were stored, it was only possible to view the skeletons in 
batches of 30, in numerical order. These were then viewed randomly in blocks (1-30, 31-60 
and so on). At the conclusion of examinations, one individual in ten was randomly chosen 
and re-examined for markers according to the methods previously outlined. Utilising the 
method for estimating error outlined by Jacobi and Danforth (2002), this demonstrated an 
accuracy rate of 86%, and thus, low intra-observer error.  
 
In the case of the comparative data, samples were chosen based on the alignment of 
methods to those outlined here wherever possible, in order to minimise the impact of the 
utilisation of different recording techniques on the outcomes of frequencies of pathological 
lesions (see Section 3.1). While it would be preferable to collect and analyse data from all of 
the comparison sites through a single research study, the extensive and time consuming 
nature of such an undertaking, along with the financial restrictions, did not make this 
feasible. Some differences between samples as described in later chapters may be, in part, 
due to differences in the original recording techniques, but it is believed that due to the 
actions taken above, any such influence would be minimal.  
 
4.11 Summary 
This chapter has discussed in detail the techniques utilised in examining the Library site 
sample, and in assessing the other 38 European samples. Techniques for morphological 
examinations included assessment for sex, age, stature, oral health, nutritional deficiencies, 
non-specific infections and specific disease. In the case of the European samples, 
morphological assessment was not conducted. This information was accessed through 
previously published research, and a methodology was applied to choosing and assessing 
these samples. 
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Methods for the application of statistical modelling to the Library site and European 
samples were also discussed, in the context of comparisons within the Library site sample 
and comparisons of all samples to one another. The techniques discussed above will 
inform subsequent chapters, which present and discuss the results of examinations which 
have made use of these techniques.   
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Chapter Five 
Demographic Profile, Preservation and Stature 
 
The principal aim of this chapter is to describe the demographic profile of the entire 
sample from the Library site. Additionally, this chapter will assess sex-specific stature, 
preservation and completeness of the sample. A number of recent genetic analyses into 
twin comparisons have resulted in high heritability estimates, between 75 and 90 per cent 
(Phillips and Matheny 1990, Carmichael and McGue 1995, Preece 1996, Chatterjee et al. 
1999, Silventoinen et al. 2000, Palmer and Hirschhorn 2003),  and identification of over 40 
loci known to influence normal variation of height (Liu et al. 2004, Weedon and Frayling 
2008). However, stature can also be utilised as an indicator of periods of nutritional and 
economic stress and general health and wellbeing, where the genetic composition of a 
population is stable over time (Goodman 1991, Komlos 1993, Ahlström 2011), particularly 
in communities where poverty has resulted in large socioeconomic body height differences 
(Silventoinen 2003). This is particularly important in the case of the Library site sample, 
considering the environmental and economic changes that took place in Trondheim during 
this period.  
 
These examinations will provide the demographic profile of the population, which will 
then be utilised as a basis for the pathological examinations to follow. Stature estimations 
will provide an insight into the general health of this population over time and how mean 
stature compares to estimations from other samples in contemporaneous Europe. Whilst 
controlling for genetic factors can be difficult, the inclusion of only European sample 
populations provides an opportunity to view mean stature as an indicator of physiological 
stress which can be compared, with genetic influences on stature kept at a minimum. 
 
The following discussions will refer to all phases (A, B, C) of the Library site and will then 
follow with assessments specifically pertaining to each phase. Stature estimations were not 
calculated for Phase A, due to the poor preservation of these individuals. Comparisons to 
mean stature estimations for the other European samples will then be undertaken. A 
discussion of these results in the context of health across Europe and current 
bioarchaeological research will follow, particularly in relation to stature estimations. 
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5.1 Results - preservation 
5.1.1 All phases  
Table 5.1 and Figures 5.1 to 5.3 present a summary of the overall completeness of 
individual skeletons from the Library Site sample and demonstrates that levels of 
preservation of the skeletal material were fairly evenly distributed between the age and sex 
categories. As Table 5.1 demonstrates, the most common level of preservation was 
between 25% and 50% complete, with 29.7% of individuals falling into this category. This 
said, the majority of individuals (50.8%) excavated from the Library site were over 50% 
complete. Only 52 of 266 individuals (19.5%) were under 25% complete. Figures 5.2 and 
5.3 present levels of preservation across the sample by both age and sex. Preservation of 
females was mostly over 25% complete. The majority of young adult females were over 
50% complete, as were the old adult females. This was also the case for males.  
 
Table 5.1: Summary table of frequency of preservation of adult skeletal remains from all 
phases of the Library site sample by sex and age 
≤25% >25-<50% ≥50‐<75% ≥75% Total
Female YA 3 12 17 20 52
OA 4 15 16 14 49
?Adult 1 3 3 1 8
Subtotal 8 30 36 35 109
Male YA 3 15 15 17 50
OA 0 12 4 14 30
?Adult 3 2 2 0 7
Subtotal 6 29 21 31 87
?Sex YA 6 5 7 1 19
OA 3 2 3 0 8
?Adult 29 13 1 0 43
Subtotal 38 20 11 1 70
Total 52 79 68 67 266
Total % 19.5 29.7 25.6 25.2 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; 
?sex: adult, of undetermined sex
Category of Preservation
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Figure 5.1: Preservation of adult skeletal remains from all phases of the Library site by 
category and percentage 
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Figure 5.2: Preservation of adult skeletal remains from all phases of the Library site by age  
(266 individuals in total) 
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Figure 5.3: Preservation of adult skeletal remains from all phases of the Library site by sex   
(266 individuals in total) 
 
Tables 5.2 to 5.4 summarise the number of elements preserved by sex and age and 
compares these to the total frequency of elements preserved across all categories. A total of 
13,969 elements were preserved, which includes all elements that were at least 75% 
complete. Tables 5.2 and 5.3 demonstrate that bones from sexed male and female 
individuals accounted for almost 90% of total bones recovered, while only 11.9% of 
elements recovered were attributable to individuals of undetermined sex (see Table 5.4). 
Bone preservation in young females (50.6%) and old females (44.8%) was quite similar 
(Table 5.3 refers), but old males (37.7%) exhibited poorer preservation than young males 
(58.1%) (Table 5.2 refers).  
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Table 5.2: Summary table of presence of bones in males from all phases of the Library site 
sample 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 29 55.8 21 40.4 2 3.8 52 40.0 130
Parietal 63 24.4 41 38.0 4 3.7 108 41.9 258
Frontal 31 21.4 23 40.4 3 5.3 57 39.3 145
Temporals 58 21.1 43 40.6 5 4.7 106 38.5 275
Maxilla 19 19.8 19 50.0 0 0.0 38 39.6 96
Mandible 31 21.2 25 43.1 2 3.4 58 39.7 146
Clavicle 56 24.5 36 37.9 3 3.2 95 41.5 229
Scapula 27 28.7 14 34.1 0 0.0 41 43.6 94
Manubrium 11 26.2 7 38.9 0 0.0 18 42.9 42
Sternum 15 22.7 13 46.4 0 0.0 28 42.4 66
Humerus 66 21.4 47 39.2 7 5.8 120 38.8 309
Ulna 68 25.5 37 33.3 6 5.4 111 41.6 267
Radius 67 26.2 36 32.4 8 7.2 111 43.4 256
Carpals 331 27.5 235 39.6 27 4.6 593 49.2 1205
Metacarpals 322 23.6 210 36.9 37 6.5 569 41.7 1363
Phalanges (Hand) 494 26.0 328 37.6 50 5.7 872 45.9 1899
Ribs 417 26.7 238 35.3 19 2.8 674 43.2 1559
Cervical Verbetrae5 193 22.6 129 38.6 12 3.6 334 39.2 853
Thoracic Vertebrae5 224 23.3 145 39.3 0 0.0 369 38.3 963
Lumbar Vertebrae5 116 26.1 62 34.3 3 1.7 181 40.8 444
Sacrum 14 26.9 7 31.8 1 4.5 22 42.3 52
Os Coxae 28 31.1 13 31.7 0 0.0 41 45.6 90
Femur 73 23.1 43 35.2 6 4.9 122 38.6 316
Patella 53 22.5 32 35.2 6 6.6 91 38.6 236
Tibia 58 21.6 34 34.7 6 6.1 98 36.6 268
Fibula 60 23.3 36 35.3 6 5.9 102 39.5 258
Calcaneus 56 20.7 36 36.7 6 6.1 98 36.2 271
Talus 54 19.5 36 37.5 6 6.3 96 34.7 277
Metatarsals 247 22.2 151 36.7 14 3.4 412 37.0 1115
Phalanges (foot) 186 24.4 158 44.9 8 2.3 352 46.2 762
Total 3467 58.1 2255 37.8 247 4.1 5969 41.9 14244
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.3: Summary table of presence of bones in females from all phases of the Library site 
sample  
 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 38 55.1 28 40.6 3 4.3 69 53.1 130
Parietal 74 56.1 52 39.4 6 4.5 132 51.2 258
Frontal 44 57.1 30 39.0 3 3.9 77 53.1 145
Temporals 58 54.7 43 40.6 5 4.7 106 38.5 275
Maxilla 30 60.0 19 38.0 1 2.0 50 52.1 96
Mandible 43 57.3 28 37.3 4 5.3 75 51.4 146
Clavicle 61 55.5 43 39.1 6 5.5 110 48.0 229
Scapula 25 53.2 22 46.8 0 0.0 47 50.0 94
Manubrium 13 72.2 5 27.8 0 0.0 18 42.9 42
Sternum 15 46.9 16 50.0 1 3.1 32 48.5 66
Humerus 77 51.7 64 43.0 8 5.4 149 48.2 309
Ulna 62 49.2 58 46.0 6 4.8 126 47.2 267
Radius 59 50.4 52 44.4 6 5.1 117 45.7 256
Carpals 220 44.5 253 51.2 21 4.3 494 41.0 1205
Metacarpals 290 47.0 293 47.5 34 5.5 617 45.3 1363
Phalanges (Hand) 360 44.7 372 46.2 73 9.1 805 42.4 1899
Ribs 432 54.5 360 45.5 0 0.0 792 50.8 1559
Cervical Verbetrae5 223 53.2 182 43.4 14 3.3 419 49.1 853
Thoracic Vertebrae5 258 52.8 210 42.9 21 4.3 489 50.8 963
Lumbar Vertebrae5 119 51.7 102 44.3 9 3.9 230 51.8 444
Sacrum 14 50.0 14 50.0 0 0.0 28 53.8 52
Os Coxae 21 48.8 22 51.2 0 0.0 43 47.8 90
Femur 73 49.7 65 44.2 9 6.1 147 46.5 316
Patella 55 53.4 45 43.7 3 2.9 103 43.6 236
Tibia 63 51.6 52 42.6 7 5.7 122 45.5 268
Fibula 62 56.9 42 38.5 5 4.6 109 42.2 258
Calcaneus 65 51.6 54 42.9 7 5.6 126 46.5 271
Talus 59 48.8 54 44.6 8 6.6 121 43.7 277
Metatarsals 249 51.0 213 43.6 26 5.3 488 43.8 1115
Phalanges (foot) 158 51.3 138 44.8 12 3.9 308 40.4 762
Total 3320 50.7 2931 44.8 298 4.6 6549 46.0 14244
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.4: Summary table of presence of bones in adults of undetermined sex from all phases 
of the Library site sample 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 5 55.6 4 44.4 0 0.0 9 6.9 130
Parietal 10 55.6 8 44.4 0 0.0 18 7.0 258
Frontal 7 63.6 4 36.4 0 0.0 11 7.6 145
Temporals 15 68.2 7 31.8 0 0.0 22 8.0 275
Maxilla 4 50.0 3 37.5 1 12.5 8 8.3 96
Mandible 8 61.5 5 38.5 0 0.0 13 8.9 146
Clavicle 14 58.3 6 25.0 4 16.7 24 10.5 229
Scapula 3 50.0 2 33.3 1 16.7 6 6.4 94
Manubrium 4 66.7 1 16.7 1 16.7 6 14.3 42
Sternum 4 66.7 1 16.7 1 16.7 6 9.1 66
Humerus 18 45.0 4 10.0 18 45.0 40 12.9 309
Ulna 14 46.7 6 20.0 10 33.3 30 11.2 267
Radius 17 60.7 3 10.7 8 28.6 28 10.9 256
Carpals 63 53.4 12 10.2 43 36.4 118 9.8 1205
Metacarpals 103 58.2 28 15.8 46 26.0 177 13.0 1363
Phalanges (Hand) 135 60.8 36 16.2 51 23.0 222 11.7 1899
Ribs 36 38.7 43 46.2 14 15.1 93 6.0 1559
Cervical Verbetrae5 60 60.0 20 20.0 20 20.0 100 11.7 853
Thoracic Vertebrae5 76 72.4 26 24.8 3 2.9 105 10.9 963
Lumbar Vertebrae5 20 60.6 10 30.3 3 9.1 33 7.4 444
Sacrum 1 50.0 1 50.0 0 0.0 2 3.8 52
Os Coxae 4 66.7 2 33.3 0 0.0 6 6.7 90
Femur 21 44.7 4 8.5 22 46.8 47 14.9 316
Patella 8 19.0 2 4.8 32 76.2 42 17.8 236
Tibia 11 22.9 0 0.0 37 77.1 48 17.9 268
Fibula 13 27.7 1 2.1 33 70.2 47 18.2 258
Calcaneus 13 27.7 1 2.1 33 70.2 47 17.3 271
Talus 12 20.0 4 6.7 44 73.3 60 21.7 277
Metatarsals 49 22.8 9 4.2 157 73.0 215 19.3 1115
Phalanges (foot) 33 32.4 2 2.0 67 65.7 102 13.4 762
Total 781 46.4 255 15.1 649 38.5 1685 11.8 14244
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
 
5.1.2 Phase A  
Table 5.5 and Figure 5.4 summarise preservation of elements from Phase A of the sample. 
It is clear that individuals from Phase A were the most poorly preserved of the three 
phases, with only three individuals (20%) at least 50% complete. The majority, 12 
individuals (80%), were less than 50% complete. Element preservation was not included 
here due to the poor preservation of individuals from Phase A. 
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Table 5.5: Summary table of frequency of preservation of adult skeletal remains from Phase A 
of the Library site sample by sex and age 
≤25% >25-<50% ≥50‐<75% ≥75% Total
Female YA 2 2 1 0 5
OA 0 1 1 0 2
?Adult 1 0 0 0 1
Subtotal 3 3 2 0 8
Male YA 0 1 1 0 2
OA 0 0 0 0 0
?Adult 0 0 0 0 0
Subtotal 0 1 1 0 2
?Sex YA 0 0 0 0 0
OA 0 0 0 0 0
?Adult 3 2 0 0 5
Subtotal 3 2 0 0 5
Total 6 6 3 0 15
Total % 40.0 40.0 20.0 0.0 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; 
?sex: adult, of undetermined sex
Category of preservation
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Figure 5.4: Preservation of adult skeletal remains from Phase A of the Library site by category 
and percentage 
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5.1.3 Phase B 
Table 5.6 summarises the preservation of individuals from Phase B and total preservation is 
illustrated by Figure 5.5. The level of preservation in Phase B was higher than for Phase A, 
with the majority of individuals (56.9%) over 50% complete. Preservation of individuals 
between the first three categories was fairly even, with the largest group of individuals over 
75% preserved (35.8%). 
 
Table 5.6: Summary table of frequency of preservation of adult skeletal remains from Phase B 
of the Library site sample by sex and age 
≤25% >25-<50% ≥50‐<75% ≥75% Total
Female YA 0 6 5 18 29
OA 4 7 6 10 27
?Adult 0 1 0 0 1
Subtotal 4 14 11 28 57
Male YA 1 2 8 8 19
OA 0 4 2 7 13
?Adult 1 1 1 0 3
Subtotal 2 7 11 15 35
?Sex YA 4 1 1 1 7
OA 1 0 2 0 3
?Adult 14 6 1 0 21
Subtotal 19 7 4 1 31
Total 25 28 26 44 123
Total % 20.3 22.8 21.1 35.8 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; 
?sex: adult, of undetermined sex
Category of preservation
 
 
Tables 5.7 to 5.9 summarise element preservation for Phase B by sex and age and are 
compared to total frequencies of element preservation for Phase B overall. As for Table 
5.2, the difference between the preservation of elements when comparing young males 
(56.9%) and old males (38.3%) continues in Phase B (see Table 5.7), and the divide 
between the preservation of elements when comparing young females (56.0%) to old 
females (43.1%) is more apparent (see Table 5.13). In Phase B, females have a greater rate 
of preservation (54.4%) than males (35.2%). 
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Figure 5.5: Preservation of adult skeletal remains from Phase B of the Library site by category 
and percentage 
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Table 5.7: Summary table of presence of bones in males from Phase B of the Library site 
sample 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 12 54.5 8 36.4 2 9.1 22 34.4 64
Parietal 30 22.4 16 32.0 4 8.0 50 37.3 134
Frontal 15 21.1 10 37.0 2 7.4 27 38.0 71
Temporals 26 19.8 18 37.5 4 8.3 48 36.6 131
Maxilla 9 17.0 8 47.1 0 0.0 17 32.1 53
Mandible 13 17.6 11 42.3 2 7.7 26 35.1 74
Clavicle 26 20.5 17 37.8 2 4.4 45 35.4 127
Scapula 19 24.4 11 36.7 0 0.0 30 38.5 78
Manubrium 9 26.5 3 25.0 0 0.0 12 35.3 34
Sternum 7 13.2 6 46.2 0 0.0 13 24.5 53
Humerus 26 16.7 22 41.5 5 9.4 53 34.0 156
Ulna 28 20.1 18 36.0 4 8.0 50 36.0 139
Radius 29 21.2 18 34.0 6 11.3 53 38.7 137
Carpals 125 22.9 107 43.5 14 5.7 246 45.1 546
Metacarpals 120 18.1 101 42.6 16 6.8 237 35.7 664
Phalanges (Hand) 188 21.3 138 39.1 27 7.6 353 40.0 883
Ribs 245 22.3 141 35.7 9 2.3 395 35.9 1099
Cervical Verbetrae5 89 19.6 56 35.7 12 7.6 157 34.7 453
Thoracic Vertebrae5 104 18.3 58 35.8 0 0.0 162 28.5 569
Lumbar Vertebrae5 54 20.5 25 31.6 0 0.0 79 29.9 264
Sacrum 8 21.1 3 27.3 0 0.0 11 28.9 38
Os Coxae 12 22.6 6 33.3 0 0.0 18 34.0 53
Femur 30 19.1 21 40.4 1 1.9 52 33.1 157
Patella 26 21.0 16 37.2 1 2.3 43 34.7 124
Tibia 23 17.0 17 41.5 1 2.4 41 30.4 135
Fibula 24 16.9 16 39.0 1 2.4 41 28.9 142
Calcaneus 23 15.3 18 41.9 2 4.7 43 28.7 150
Talus 21 14.6 17 42.5 2 5.0 40 27.8 144
Metatarsals 99 16.5 70 39.5 8 4.5 177 29.5 599
Phalanges (foot) 101 23.6 62 36.9 5 3.0 168 39.3 428
Total 1541 56.9 1038 38.3 130 4.8 2709 35.2 7699
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.8: Summary table of presence of bones in females from Phase B of the Library site 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 25 65.8 13 34.2 0 0.0 38 59.4 64
Parietal 50 65.8 26 34.2 0 0.0 76 56.7 134
Frontal 26 65.0 14 35.0 0 0.0 40 56.3 71
Temporals 48 63.2 28 36.8 0 0.0 76 58.0 131
Maxilla 20 60.6 13 39.4 0 0.0 33 62.3 53
Mandible 27 62.8 16 37.2 0 0.0 43 58.1 74
Clavicle 43 59.7 29 40.3 0 0.0 72 56.7 127
Scapula 23 52.3 21 47.7 0 0.0 44 56.4 78
Manubrium 13 76.5 4 23.5 0 0.0 17 50.0 34
Sternum 15 55.6 12 44.4 0 0.0 27 50.9 53
Humerus 50 57.5 36 41.4 1 1.1 87 55.8 156
Ulna 42 55.3 34 44.7 0 0.0 76 54.7 139
Radius 38 53.5 32 45.1 1 1.4 71 51.8 137
Carpals 144 55.4 111 42.7 5 1.9 260 47.6 546
Metacarpals 197 55.5 154 43.4 4 1.1 355 53.5 664
Phalanges (Hand) 236 55.0 180 42.0 13 3.0 429 48.6 883
Ribs 344 52.4 313 47.6 0 0.0 657 59.8 1099
Cervical Verbetrae5 159 59.8 107 40.2 0 0.0 266 58.7 453
Thoracic Vertebrae5 215 59.2 148 40.8 0 0.0 363 63.8 569
Lumbar Vertebrae5 93 57.4 69 42.6 0 0.0 162 61.4 264
Sacrum 13 52.0 12 48.0 0 0.0 25 65.8 38
Os Coxae 17 53.1 15 46.9 0 0.0 32 60.4 53
Femur 42 51.9 37 45.7 2 2.5 81 51.6 157
Patella 38 59.4 25 39.1 1 1.6 64 51.6 124
Tibia 36 53.7 31 46.3 0 0.0 67 49.6 135
Fibula 42 60.0 28 40.0 0 0.0 70 49.3 142
Calcaneus 40 52.6 34 44.7 2 2.6 76 50.7 150
Talus 38 52.8 32 44.4 2 2.8 72 50.0 144
Metatarsals 162 52.9 137 44.8 7 2.3 306 51.1 599
Phalanges (foot) 115 56.4 88 43.1 1 0.5 204 47.7 428
Total 2351 56.1 1799 42.9 39 0.9 4189 54.4 7699
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.9: Summary table of presence of bones in adults of undetermined sex from Phase B of 
the Library site 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 2 50.0 2 50.0 0 0.0 4 6.3 64
Parietal 4 50.0 4 50.0 0 0.0 8 6.0 134
Frontal 2 50.0 2 50.0 0 0.0 4 5.6 71
Temporals 4 57.1 3 42.9 0 0.0 7 5.3 131
Maxilla 1 33.3 1 33.3 1 33.3 3 5.7 53
Mandible 3 60.0 2 40.0 0 0.0 5 6.8 74
Clavicle 3 30.0 4 40.0 3 30.0 10 7.9 127
Scapula 2 50.0 2 50.0 0 0.0 4 5.1 78
Manubrium 3 60.0 1 20.0 1 20.0 5 14.7 34
Sternum 7 53.8 6 46.2 0 0.0 13 24.5 53
Humerus 5 31.3 4 25.0 7 43.8 16 10.3 156
Ulna 6 46.2 5 38.5 2 15.4 13 9.4 139
Radius 6 46.2 3 23.1 4 30.8 13 9.5 137
Carpals 11 27.5 9 22.5 20 50.0 40 7.3 546
Metacarpals 30 41.7 18 25.0 24 33.3 72 10.8 664
Phalanges (Hand) 41 40.6 31 30.7 29 28.7 101 11.4 883
Ribs 24 51.1 23 48.9 0 0.0 47 4.3 1099
Cervical Verbetrae5 19 63.3 11 36.7 0 0.0 30 6.6 453
Thoracic Vertebrae5 24 54.5 17 38.6 3 6.8 44 7.7 569
Lumbar Vertebrae5 10 43.5 10 43.5 3 13.0 23 8.7 264
Sacrum 1 50.0 1 50.0 0 0.0 2 5.3 38
Os Coxae 1 33.3 2 66.7 0 0.0 3 5.7 53
Femur 8 33.3 3 12.5 13 54.2 24 15.3 157
Patella 3 17.6 0 0.0 14 82.4 17 13.7 124
Tibia 5 18.5 0 0.0 22 81.5 27 20.0 135
Fibula 6 19.4 0 0.0 25 80.6 31 21.8 142
Calcaneus 4 12.9 1 3.2 26 83.9 31 20.7 150
Talus 4 12.5 1 3.1 27 84.4 32 22.2 144
Metatarsals 13 11.2 0 0.0 103 88.8 116 19.4 599
Phalanges (foot) 9 16.1 0 0.0 47 83.9 56 13.1 428
Total 261 32.6 166 20.7 374 46.7 801 10.4 7699
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
 
5.1.4 Phase C 
Table 5.10 and Figure 5.6 present the preservation for individuals from Phase C of the 
sample. Unlike Phase B, the preservation of individuals was more heavily weighted around 
50%, with 35.2% of individuals between 25-50% preserved, and 30.5% between 50-75% 
preserved. Almost all of the poorly preserved individuals came from the undetermined sex 
group, accounting for 16 of the 21 individuals with completeness under 25.0%. 
Table 5.10: Summary table of frequency of preservation of adult skeletal remains from Phase C 
of the Library site sample by sex and age 
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≤25% >25-<50% ≥50‐<75% ≥75% Total
Female YA 1 4 11 2 18
OA 0 7 9 4 20
?Adult 0 2 3 1 6
Subtotal 1 13 23 7 44
Male YA 2 12 6 9 29
OA 0 8 2 7 17
?Adult 2 1 1 0 4
Subtotal 4 21 9 16 50
?Sex YA 2 4 6 0 12
OA 2 2 1 0 5
?Adult 12 5 0 0 17
Subtotal 16 11 7 0 34
Total 21 45 39 23 128
Total % 16.4 35.2 30.5 18.0 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; 
?sex: adult, of undetermined sex
Category of preservation
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Figure 5.6: Preservation of adult skeletal remains from Phase C of the Library site by category 
and percentage 
 
Tables 5.11 to 5.13 summarise element preservation for Phase C of the sample by sex and 
compared to total element frequency for Phase C. As Table 5.11 demonstrates, the 
discrepancy between old and young males in the retention of elements continues into 
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Phase C, though the difference in rates between young females (40.5%) and old females 
(48.7%) is less apparent in this phase (see Table 5.12). Males demonstrate a higher 
retention rate (51.8%) than females (35.1%), which is contrary to the pattern in Phase B. 
 
Table 5.11: Summary table of presence of bones in males from Phase C of the Library site 
Elements present1 YA %
2
OA % ?Adult % Total %
3
Total 
observable4
Occipital 17 56.7 13 43.3 0 0.0 30 46.2 65
Parietal 33 27.0 25 43.1 0 0.0 58 47.5 122
Frontal 16 22.2 13 43.3 1 3.3 30 41.7 72
Temporals 32 22.5 25 43.1 1 1.7 58 40.8 142
Maxilla 10 24.4 11 52.4 0 0.0 21 51.2 41
Mandible 18 26.1 14 43.8 0 0.0 32 46.4 69
Clavicle 30 30.0 19 38.0 1 2.0 50 50.0 100
Scapula 8 50.0 3 27.3 0 0.0 11 68.8 16
Manubrium 2 25.0 4 66.7 0 0.0 6 75.0 8
Sternum 8 34.8 7 46.7 0 0.0 15 65.2 23
Humerus 38 26.8 25 38.5 2 3.1 65 45.8 142
Ulna 38 31.4 19 32.2 2 3.4 59 48.8 121
Radius 36 32.4 18 32.1 2 3.6 56 50.5 111
Carpals 197 32.0 128 37.9 13 3.8 338 54.9 616
Metacarpals 195 30.0 109 33.5 21 6.5 325 50.0 650
Phalanges (Hand) 295 30.6 190 37.4 23 4.5 508 52.8 963
Ribs 172 37.4 97 34.8 10 3.6 279 60.7 460
Cervical Verbetrae5 104 27.1 73 41.2 0 0.0 177 46.1 384
Thoracic Vertebrae5 119 30.3 87 42.2 0 0.0 206 52.4 393
Lumbar Vertebrae5 57 31.3 37 38.1 3 3.1 97 53.3 182
Sacrum 5 41.7 4 40.0 1 10.0 10 83.3 12
Os Coxae 15 42.9 7 31.8 0 0.0 22 62.9 35
Femur 41 27.7 22 32.4 5 7.4 68 45.9 148
Patella 26 26.0 16 34.0 5 10.6 47 47.0 100
Tibia 34 29.1 17 30.4 5 8.9 56 47.9 117
Fibula 34 29.6 20 33.9 5 8.5 59 51.3 115
Calcaneus 31 26.1 18 34.0 4 7.5 53 44.5 119
Talus 18 26.1 14 43.8 0 0.0 32 46.4 69
Metatarsals 140 30.8 81 35.7 6 2.6 227 49.9 455
Phalanges (foot) 84 26.6 96 52.5 3 1.6 183 57.9 316
Total 1853 58.3 1212 38.1 113 3.6 3178 51.5 6166
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.12: Summary table of presence of bones in females from Phase C of the Library site 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 13 43.3 14 46.7 3 10.0 30 46.2 65
Parietal 24 44.4 24 44.4 6 11.1 54 44.3 122
Frontal 17 48.6 15 42.9 3 8.6 35 48.6 72
Temporals 31 44.9 30 43.5 8 11.6 69 48.6 142
Maxilla 9 60.0 5 33.3 1 6.7 15 36.6 41
Mandible 14 48.3 11 37.9 4 13.8 29 42.0 69
Clavicle 18 50.0 12 33.3 6 16.7 36 36.0 100
Scapula 2 66.7 1 33.3 0 0.0 3 18.8 16
Manubrium 0 0.0 1 100.0 0 0.0 1 12.5 8
Sternum 0 0.0 4 100.0 0 0.0 4 17.4 23
Humerus 23 41.8 25 45.5 7 12.7 55 38.7 142
Ulna 17 37.8 22 48.9 6 13.3 45 37.2 121
Radius 18 45.0 17 42.5 5 12.5 40 36.0 111
Carpals 69 32.4 129 60.6 15 7.0 213 34.6 616
Metacarpals 76 33.3 127 55.7 25 11.0 228 35.1 650
Phalanges (Hand) 103 30.6 183 54.3 51 15.1 337 35.0 963
Ribs 88 65.2 47 34.8 0 0.0 135 29.3 460
Cervical Verbetrae5 57 40.7 69 49.3 14 10.0 140 36.5 384
Thoracic Vertebrae5 43 34.1 62 49.2 21 16.7 126 32.1 393
Lumbar Vertebrae5 23 35.4 33 50.8 9 13.8 65 35.7 182
Sacrum 0 0.0 2 100.0 0 0.0 2 16.7 12
Os Coxae 4 40.0 6 60.0 0 0.0 10 28.6 35
Femur 27 46.6 24 41.4 7 12.1 58 39.2 148
Patella 16 43.2 19 51.4 2 5.4 37 37.0 100
Tibia 25 56.8 19 43.2 0 0.0 44 37.6 117
Fibula 21 52.5 14 35.0 5 12.5 40 34.8 115
Calcaneus 22 48.9 18 40.0 5 11.1 45 37.8 119
Talus 14 48.3 11 37.9 4 13.8 29 42.0 69
Metatarsals 74 46.5 66 41.5 19 11.9 159 34.9 455
Phalanges (foot) 40 40.0 49 49.0 11 11.0 100 31.6 316
Total 888 40.7 1059 48.5 237 10.9 2184 35.4 6166
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
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Table 5.13: Summary table of presence of bones in adults of undetermined age from Phase C 
of the Library site 
Elements present1 YA %
2
OA %
2
?Adult %
2
Total %
3
Total 
observable4
Occipital 3 60.0 2 40.0 0 0.0 5 7.7 65
Parietal 6 60.0 4 40.0 0 0.0 10 8.2 122
Frontal 5 71.4 2 28.6 0 0.0 7 9.7 72
Temporals 11 73.3 4 26.7 0 0.0 15 10.6 142
Maxilla 3 60.0 2 40.0 0 0.0 5 12.2 41
Mandible 5 62.5 3 37.5 0 0.0 8 11.6 69
Clavicle 11 78.6 2 14.3 1 7.1 14 14.0 100
Scapula 1 50.0 0 0.0 1 50.0 2 12.5 16
Manubrium 1 100.0 0 0.0 0 0.0 1 12.5 8
Sternum 4 100.0 0 0.0 0 0.0 4 17.4 23
Humerus 13 59.1 0 0.0 9 40.9 22 15.5 142
Ulna 8 47.1 1 5.9 8 47.1 17 14.0 121
Radius 11 73.3 0 0.0 4 26.7 15 13.5 111
Carpals 52 80.0 2 3.1 11 16.9 65 10.6 616
Metacarpals 73 75.3 10 10.3 14 14.4 97 14.9 650
Phalanges (Hand) 94 79.7 5 4.2 19 16.1 118 12.3 963
Ribs 12 26.1 20 43.5 14 30.4 46 10.0 460
Cervical Verbetrae5 41 61.2 9 13.4 17 25.4 67 17.4 384
Thoracic Vertebrae5 52 85.2 9 14.8 0 0.0 61 15.5 393
Lumbar Vertebrae5 20 100.0 0 0.0 0 0.0 20 11.0 182
Sacrum 0 0.0 0 0.0 0 0.0 0 0.0 12
Os Coxae 3 100.0 0 0.0 0 0.0 3 8.6 35
Femur 13 59.1 1 4.5 8 36.4 22 14.9 148
Patella 5 31.3 2 12.5 9 56.3 16 16.0 100
Tibia 8 47.1 0 0.0 9 52.9 17 14.5 117
Fibula 8 50.0 0 0.0 8 50.0 16 13.9 115
Calcaneus 8 38.1 2 9.5 11 52.4 21 17.6 119
Talus 5 62.5 3 37.5 0 0.0 8 11.6 69
Metatarsals 36 52.2 9 13.0 24 34.8 69 15.2 455
Phalanges (foot) 24 72.7 2 6.1 7 21.2 33 10.4 316
Total 536 66.7 94 11.7 174 21.6 804 13.0 6166
YA: young adult; OA: old adult; ?Adult: adult of undetermined sex
1left and right sides combined, elements included are at least 75% preserved
2% of total observable elements for age group
3% of total observable elements for that bone type for all adults
4total observable for all adults
5included on the basis of minimally, the presence of the centrum where applicable
 
5.2 Results  - demography 
5.2.1 All phases  
Tables 5.14 and 5.15 reflect the demographic profile of the Library site sample across all 
phases. As can be seen from both these tables, 107 of the 266 adult individuals from the 
sample are female, and 82 are male. This is a ratio of males to females of 1:1.3 (82:107).  χ² 
analysis of goodness-of-fit resulted in a χ² value of 3.307 and a p-value of 0.069, indicating 
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the difference in male and female frequencies of individuals across the phases was not 
significant. A total of 77 individuals were considered adults of undetermined sex. The 
number of diagnosed males may under-estimate the true ratio, with some being sexed as 
female or undetermined. A possible factor here is the generally gracile features of the 
crania, which for the most part were central to sex determinations. In many cases, neither 
the crania nor the pubic bones were available for assessment, and examination of long 
bones occasionally yielded conflicting results when compared with long bone 
determinations of sex.  
 
As demonstrated by Table 5.14, individuals in the 25-34 year age bracket comprise 31.2% 
of the skeletal remains, followed by those of undetermined age (21.8%). The majority of 
adults of undetermined age were also of undetermined sex. Only a small number of 
individuals of determined sex were of undetermined age.  
 
For the purposes of further analyses of pathological lesions, the age brackets were 
combined into two age groups - young adult (YA), which comprised of individuals aged 17 
to 34 years, and old adults (OA), comprised of individuals aged 35 years and upwards - as 
illustrated in Table 5.15.  There is a smaller number of individuals overall in the older adult 
group (32.7%) than in the young adult group (45.5%). The female group has a fairly even 
distribution of young and old adults across the site, while males have a higher percentage of 
young adults (56.1%) than old adults (35.4%). Figure 5.7 presents the Table 5.15 results in 
graph form.  
 
Table 5.14: Summary table of the demographic profile in all phases of the Library sample by 
age (years) 
Age (years) Female %
1
Male %
1
?Sex %
1
Total %
2
17-24 11 10.3 16 19.5 11 14.3 38 14.3
25-34 42 39.3 30 36.6 11 14.3 83 31.2
35-44 29 27.1 20 24.4 6 7.8 55 20.7
45-54 12 11.2 7 8.5 5 6.5 24 9.0
55+ 6 5.6 2 2.4 0 0.0 8 3.0
?Adult 7 6.5 7 8.5 44 57.1 58 21.8
Total 107 100.0 82 100.0 77 100.0 266 100.0
?Adult: adult, of undetermined age; ?sex: adult, of undetermined sex
1expressed as a percentage of the total for that sex group
2expressed as a percentage of the total  
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Table 5.15: Summary table of the demographic profile in all phases of the Library sample by 
age category 
Age Category Female %
1
Male %
1
?Sex %
1
Total %
2
YA 53 49.5 46 56.1 22 28.6 121 45.5
OA 47 43.9 29 35.4 11 14.3 87 32.7
?Adult 7 6.5 7 8.5 44 57.1 58 21.8
Total 107 100.0 82 100.0 77 100.0 266 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; ?sex: adult, of undetermined sex
1expressed as a percentage of the total for that sex group
2expressed as a percentage of the total  
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Figure 5.7: Age structure of remains from of all phases of the Library Site sample as a 
percentage of sex group 
5.2.2 Phase A 
Table 5.16 and Figure 5.8 present the demographic profile for Phase A, organised 
according to the three age and sex groups. Phase A had a total of 15 individuals, of which 
the majority were female. Only two individuals were male and eight individuals were 
female, a ratio of 1:4 (2:8), clearly skewed towards female representation in this group, 
which was also confirmed by χ² analysis of goodness-of-fit, which resulted in a χ² value of 
8.067 and a p-value of 0.005, indicating a significant different between frequencies of males 
and females in Phase A, at the 5% level. It is for this reason, and the poor preservation of 
Phase A, that this phase was not assessed for pathological lesions in later chapters, but only 
included as part of the Library site sample overall. The greatest number of individuals in 
Phase A were young adults (46.7%), followed closely by adults of undetermined age 
(40.0%). Only 13.3% of the individuals were old adults, and of these, both were female. 
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Table 5.16: Summary table of demographic profile in Phase A of the Library sample by age 
category 
Age Category Female %
1
Male %
1
?Sex %
1
Total %
2
YA 5 62.5 2 100.0 0 0.0 7 46.7
OA 2 25.0 0 0.0 0 0.0 2 13.3
?Adult 1 12.5 0 0.0 5 100.0 6 40.0
Total 8 100.0 2 100.0 5 100.0 15 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; ?sex: adult, of undetermined sex
1expressed as a percentage of the total for that sex group
2expressed as a percentage of the total  
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Figure 5.8: Age structure of remains of adults from Phase A of the Library Site sample as a 
percentage of sex group 
5.2.3 Phase B  
Table 5.17 and Figure 5.9 summarise the demographic profile by sex and age of Phase B of 
the Library site. A total of 123 confirmed adult individuals were from Phase B of the site, 
consisting of 34 males and 57 females, a ratio of 1:1.7 (34:57). χ² analysis of goodness-of-fit 
resulted in a χ² value of 5.813 and a p-value of 0.016, indicating the difference in male and 
female frequencies of individuals in Phase B was significant at the 5% level. A total of 32 
adult individuals were of undetermined sex, and of these, 21 were of undetermined age. 
Individuals determined as young adults comprised 44.7% of the skeletal remains from 
Phase B, followed by old adults (35.0%). Whilst there was clearly a heavy female bias 
amongst the sexed individuals, this phase was still included for pathological assessment due 
to the excellent preservation.  
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Table 5.17: Summary table of demographic profile in Phase B of the Library sample by age 
category 
Age category Female %
1
Male %
1
?Sex %
1
Total %
2
YA 29 50.9 19 55.9 7 21.9 55 44.7
OA 27 47.4 12 35.3 4 12.5 43 35.0
?Adult 1 1.8 3 8.8 21 65.6 25 20.3
Total 57 100.0 34 100.0 32 100.0 123 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; ?sex: adult, of undetermined sex
1expressed as a percentage of the total for that sex group
2expressed as a percentage of the total  
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Figure 5.9: Age structure of remains of adults from Phase B of the Library Site sample as a 
percentage of sex group 
5.2.4 Phase C  
Table 5.18 and Figure 5.10 summarise the demographic profile for Phase C. Of the 128 
individuals from Phase C of the site, 42 were female (32.8%), 46 male (35.9%) and 40 were 
adults of undetermined sex (31.3%). The sex ratio was more even than for Phase B and 
males formed a larger proportion of the total number of individuals, at a ratio of 1:0.9 
(46:42). χ² analysis of goodness-of-fit resulted in a χ² value of 0.182 and a p-value of 0.670, 
indicating the difference in male and female frequencies of individuals in Phase C was not 
significant. In this phase, 46.1% of individuals excavated were young adults and 32.8% 
were old adults. Distribution of individuals between age groups was fairly even amongst 
females with 19 young adults (45.2%) and 18 old adults (42.9%). Among males there were 
25 young adults (54.3%) and 17 old adults (37.0%). A total of 40 individuals from this 
phase were of undetermined sex. Of these, 18 did not have a determined age, and these 
accounted for 45.0% of individuals of undetermined sex.  
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Table 5.18: Summary table of demographic profile in Phase C of the Library sample by age 
category 
Age Category Female %
1
Male %
1
?Sex %
1
Total %
2
YA 19 45.2 25 54.3 15 37.5 59 46.1
OA 18 42.9 17 37.0 7 17.5 42 32.8
?Adult 5 11.9 4 8.7 18 45.0 27 21.1
Total 42 100.0 46 100.0 40 100.0 128 100.0
YA: young adult; OA: old adult; ?Adult: adult, of undetermined age; ?sex: adult, of undetermined sex
1expressed as a percentage of the total for that sex group
2expressed as a percentage of the total  
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Figure 5.10: Age structure of remains of adults from Phase C of the Library Site sample as a 
percentage of sex group 
 
5.3 Results - stature 
Table 5.19 summarises the total number of individuals by sex for whom stature was 
estimated, the elements utilised for stature estimation, the standard error of each equation 
and the percentage of the total number of estimations of which any particular combination 
of elements was comprised.  Most calculations for both sexes were based on a combination 
of the femur and tibia.  In females, the use of the femur exclusively and the humerus and 
radius account for 17.3% and 15.4% of estimations respectively.  In males, the next most 
commonly used element was the humerus, comprising 14.0% of total estimations.  
Expanded details of each individual observed, including phase, sex, age, elements used and 
specific estimation are outlined by sex in Appendix C. 
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Table 5.19: Number of individuals used for stature estimation by element and sex for all 
phases of the Library site sample 
Elements Utilised F % Total
1 SE2 M % Total
1 SE2
Femur + Tibia 18 34.6 3.55 22 38.6 3.58
Femur 9 17.3 3.72 4 7.0 3.69
Humerus + Radius 8 15.4 4.04 5 8.8 4.60
Radius 4 7.7 4.24 4 7.0 4.97
Humerus 3 5.8 4.45 8 14.0 4.78
Ulna 3 5.8 4.30 4 7.0 4.99
Tibia 3 5.8 3.66 3 5.3 4.13
Humerus + Tibia 2 3.8 3.67 3 5.3 3.96
Humerus + Radius + Femur 2 3.8 3.66 3 5.3 3.66
Fibula 1 1.9 3.57 1 1.8 4.17
F: female; M; male
1percentage of total individuals utilised, to one decimal point
2standard error, to two decimal points  
5.3.1 All phases 
Table 5.20 summarises the mean estimated stature, range, median and total number of 
observable individuals for both males and females across all phases of the site. Across all 
phases the mean stature of females was 162.02 cm, over 10 cm below the mean male 
stature of 173.26 cm. Both ranges extended around 30 cm, with some overlap between 
males and females. The minimum (157.42 cm) and maximum (186.19 cm) male stature 
estimations were just over 10 cm higher than the female minimum stature (146.94 cm) and 
maximum stature estimations (178.54 cm). A two sample t-test conducted on the difference 
of male and female means resulted in a p-value of < 0.001, indicating that mean male 
stature was significantly greater than female stature across the phases.  
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Table 5.20: Stature estimation of adults from all phases of the Library site sample by sex 
Female Male
Mean1 162.02 ±4.45 173.26 ±4.99
Range1 146.94 - 178.54 157.42 - 186.19
Median1 161.58 174.35
Total2 53 57
1measurements given in centimetres and two decimal places 
2total number of individuals observable  
5.3.2 Phase B 
Mean stature estimates for individuals attributed to Phase B of the sample are summarised 
in Table 5.21. The mean stature for Phase B females (162.74 cm) was slightly higher than 
the overall stature for females across the sample (162.02 cm). Male stature was only slightly 
lower for Phase B at 172.95 cm. A two sample t-test conducted on the difference of male 
and female means resulted in a p-value of <0.001, indicating that mean male stature was 
significantly greater than female stature in Phase B. There were a greater number of Phase 
B females which were able to be assessed for stature, 36 females compared to 23 male 
individuals.  
 
Table 5.21: Stature estimation of adults from Phase B of the Library site sample by sex 
Female Male
Mean1 162.74 ±4.45 172.95 ±4.99
Range1 149.88 - 178.54 157.42 - 186.19
Median1 162.58 174.39
Total2 36 23
1measurements given in centimetres and two decimal places 
2total number of individuals observable  
5.3.3 Phase C 
Stature estimation for individuals attributed to Phase C of the sample is summarised in 
Table 5.22. In Phase C, the stature of females was slightly less than in Phase B at 160.70 
cm, whilst the stature of males remained fairly steady (173.09 cm). A two sample t-test 
conducted on the difference of male and female means resulted in a p-value of <0.001, 
indicating that mean male stature was significantly greater than female stature in Phase C. 
There were more males (33) than females (17) available for stature estimation for this 
phase.  
 
A two sample t-test conducted on the difference of male means between Phases B and C 
resulted in a p-value of 0.950, indicating that mean male stature was not significantly 
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different between the two phases.  The median female stature (160.61 cm) and maximum 
range (170.17 cm) were less than these same measurements in Phase B and the sample as a 
whole, but a two sample t-test, resulting in a p-value of 0.130 did not indicate a significant 
difference between the phases.  
 
 
Table 5.22: Stature estimation of adults from Phase C of the Library site sample by sex 
Female Male
Mean1 160.70 ±4.45 173.09 ±4.99
Range1 146.94 - 170.17 157.79 - 182.89
Median1 160.61 174.16
Total2 17 33
1measurements given in centimetres and two decimal places 
2total number of individuals observable  
5.3.4 The European samples 
Table 5.23 presents the mean estimated stature from the European samples for which this 
information was available. Mean male stature ranged between 161.00 cm at Kastella to 
176.50 cm at Haffjarðarey. The next most notable high mean male stature estimations 
(besides the Library site sample) were 173.51 cm at Pleidelsheim and 173.26 cm at 
Nusplingen. Mean female stature fell between 152.00 cm at Sourtara Galaniou Kozanis and 
163.02 cm at Nusplingen. Table 5.23 also presents the mean stature of combined female 
and male individuals for each individual sample. The Library site sample sits in a group of 
high mean statures along with samples from Nusplingen and Pleidelsheim (both in 
Germany), Thjodhild's Church, Haffjarðarey and Hallow Hill. However, it should be noted 
that the figures provided from Haffjarðarey were a median rather than mean. The sample 
from Kastella had the lowest mean stature, far lower than any of the other comparison 
samples. The samples from Nidaros Cathedral, St Helen-on-the Walls, Wharram Percy and 
Whithorn formed a group of mean statures between 162 cm and 164 cm. Further statistical 
analysis of these stature means will be carried out in Chapter Seven, alongside frequencies 
of cribra orbitalia and linear enamel hypoplasia.  
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Table 5.23: Summary table of stature estimation of adults from the European samples by sex 
Country
Average Stature 
(M)1 
Average Stature 
(F)1 
Average Stature 
(Overall)1 
Kastella Crete 161.00 154.00 157.50
Sourtara Galaniou Kozanis Greece 170.00 152.00 161.00
Christ Church2 U.K. (England) 169.10 155.00 162.05
Viðey3 Iceland 169.00 156.00 162.50
Whithorn U.K. (Scotland) 170.00 156.00 163.00
Wharram Percy U.K. (England) 168.80 157.80 163.30
St Helen-on-the-Walls U.K. (England) 169.30 157.40 163.35
Nidaros Cathedral Norway 170.00 157.00 163.50
Eleutherna Crete 169.00 160.00 164.50
Raunds Furnells U.K. (England) 167.00 162.00 164.50
Thjodhild's Church Greenland 172.60 162.00 167.30
Pleidelsheim Germany 173.51 161.10 167.31
Haffjarðarey3 Iceland 176.50 158.50 167.50
Hallow Hill U.K. (Scotland) 173.00 162.00 167.50
Library Site Norway 173.26 162.02 167.64
Nusplingen Germany 173.27 163.02 168.15
M: male; F: female
1 All stature determinations calculated using the Trotter and Gleser Method (1952) and averaged 
for each sex. Based on adult individuals. All measurements in millimetres
2based on measurements taken from a sample of 312 females and 311 males
3median values
 
5.4  Discussion 
5.4.1 Preservation 
Examination of the preservation of individuals and elements from the Library site sample 
revealed a starkly different level of preservation between Phase A and Phases B and C. 
Overall, preservation was good across the sample, which lead to the relative ease of sex and 
age estimation for individuals excavated from the site. However, the majority of Phase A 
individuals were poorly preserved, with a low retention of complete elements, so much so 
that the preservation of the latter was not included in the results presented here. This led to 
a lack of representation in subsequent chapters relating to the analysis of indicators of 
health in the sample. On the other hand, individuals in Phase B and C were significantly 
better preserved, and had a higher rate of element retention, leading to their inclusion in 
later analyses of health and stature. 
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5.4.2 Demography 
There was a predominance of female individuals in the sample, though this is not unusual, 
particularly when viewed in comparison to other samples utilised in the present analysis. A 
similar predominance of females was exhibited in the two German samples (Jakob 2009), 
as well as the pooled British sample, also analysed by Jakob (2009) but not included here. 
In this sample, around one fifth of individuals had not been sexed. Jakob (2009) tentatively 
argued that those individuals were more likely to be male than female. By breaking down 
the demographic profile of the Library sample by phase, it becomes clear that the 
predominance of females results from a sex imbalance in Phase B, with a male to female 
ratio of 1:1.7. In fact, as can be seen in Table 5.5 and Figure 5.4, males are the predominant 
sex in Phase C, at a ratio of 1:0.9. Statistical analyses also found that whilst the differences 
in frequencies between males and females across all the phases was not significant 
(P = 0.069), there was a significantly greater frequency of females for Phase B of the 
sample (P = 0.016). 
 
There could be a number of reasons for this difference. Firstly, it cannot be discounted that 
in Phase B the cemetery was divided by sex (gender) and that the area excavated from 
Phase B predominantly consisted of females. As only an estimated 30-40% of the cemetery 
was excavated (Anderson 1986) this is a plausible hypothesis. This could also be said for 
Phase A, but given that 15 of 22 individuals were not sexed, this is more likely a result of 
poor preservation than segregation by sex. In any case, the sample from this phase is too 
small to permit comment with any confidence. Following from this, differential migration 
could also be contributing to this difference. Given that Trondheim was an important 
trading town, it seems likely that a higher frequency of males were living in the town year 
round.  
 
Misidentification of males as females or adults of undetermined sex may have also lead to 
this unbalanced ratio. Sex differences across the skeleton including the skull, usually 
indicate the smaller and more gracile nature of female individuals (Ortner 2003), and this 
was likely also affecting determinations of skeletons here. Meindl et al.'s (1985) study into 
sexing of the skeleton demonstrated that females are not often misclassified as males, but 
that males can at times be classified as female, or presumably, not classified at all. 
 
Despite of great importance in accurately assessing sex and age in skeletal remains, 
multivariate analyses can sometimes lead to conflicting sex determinations. This is 
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particularly the case when the skull or pelvic bones are not present. Other methods, such as 
utilisation of the long bone for sex determinations, often result in overlaps across the sexes. 
Stringent multivariate assessment techniques for determining sex were applied against the 
samples from Germany and Great Britain, as discussed above, and it was argued that this 
led to an increase in the number of individuals of undetermined sex and age (Jakob 2009).   
 
This was also an issue for the Library site sample. Care was taken to assess the relative 
merits of sexually dimorphic traits from the skull, along with the addition of Library site 
sample-specific long bone sex determinations. However, it is true that in this case, the 
above issues relating to heavy utilisation of long bones for sex determinations could well 
have lead to a bias against diagnosing males in particular. Why this may have been the case 
for Phase B and not Phase C is not altogether clear, particularly given that the number of 
individuals over 75% preserved was greater in Phase B. Phase B also demonstrated higher 
retention of the maxilla and mandible than Phase C. It could be that a combination of the 
above theories could have contributed to this dominance of females in the Phase B sample. 
5.4.3 Stature 
Stature and other anthropometric measures are sensitive to environmental factors, 
including nutrition, so are often used as an indicator within bioarchaeology for the 
environment in which an individual develops, particularly for indicators of stress 
(Goodman and Martin 2002). Goodman (1991) argues that growth rates are a robust 
indicator when reconstructing health and stress and that a review of the literature 
demonstrates that short stature is linked to under-nutrition and/or infectious disease. 
However, studying the anthropometry of adults does have some disadvantages when 
compared to the same measurements in subadults. This includes a lessened ability to 
identify factors affecting growth and size due to decreased sensitivity to environmental 
variations in adults (Goodman and Martin 2002). However, studies of stature in adults are 
not vulnerable to the problems that can arise in studies of subadult skeletal remains, 
particularly those relating to the difficulties of age determination. In an attempt to control 
for genetic makeup of the populations utilised for discussion here, as suggested by Komlos 
(1993), only those individuals of European origin were utilised for analysis (with one 
exception, see Chapter Three). 
 
Within the Library site sample, stature was similar when comparing males from Phase B 
through to Phase C. Within Phase C, mean female stature decreased by approximately 2 
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cm, as did the median value, when compared to Phase B. Whilst this difference may seem 
important, it must be cautioned that less than half the number of female individuals were 
available for estimations in Phase C, when compared to Phase B, which could be 
contributing to this discrepancy. In addition, two sample t-tests of mean female stature 
between Phase B and C did not result in a statistically significant difference. However, this 
small difference could still be indicative of increased physiological stress on females over 
time, whether it be through nutritional intake or disease.  
 
The economic and climatic changes that occurred in the transition from Phase B to C 
could have had a negative impact on mean female stature. Low mean stature is well known 
to be connected to under-nutrition during childhood growth periods (Saunders and Hoppa 
1993, Saunders et al. 1993). The greater economic pressure during Phase C, caused by the 
loss of the stockfish trade and loss of Trondheim's status as the seat of the archbishopric 
could have led to preferential feeding of males over females during childhood and 
adolescence. More specifically, males could have been consuming a greater intake of 
protein during the weaning period, thus leading to lessened stature in female individuals. 
This kind of preferential treatment can occur even in societies not experiencing food 
scarcity (Messer 1989), and can have significant consequences for adult stature. The 
weaning period can also introduce new pathogens to the body and lower children's 
immunity due to the absence of their mother's breast milk, which provides some protection 
against these pathogens. An analysis of the subadults in this population would be beneficial 
to further elucidate the factors for the reduced height of females.  
 
The mean stature of male and female individuals from the Library site appears to be fairly 
typical, at least by European standards. The similarities to both Hallow Hill and the 
German samples are interesting given the differences in period, location and resources. 
However, despite the differences between the sites, it would seem logical that the high 
mean statures were related to factors not immeadiately obvious from archaeological 
reconstructions. Low population density, low pathogen load, high protein intake during 
weaning periods and a number of other factors not immeadiately measurable are likely to 
have led to the similarities between the sites.   
 
As discussed previously, work conducted by Koepke and Baten (2005) into stature across 
location and time in Europe indicates a number of peaks and troughs over the last 2000 
years. This research indicated an increase in stature over the 5th and 6th centuries across all 
regions in Europe assessed, which corresponds to at least part of the periods from which 
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both the German samples are dated, and would appear to suggest an environmental cause 
for an increase in mean stature, rather than a genetic one. Whilst a decline in mean stature 
did occur in the 7th century, this is only noteworthy in comparison to the large increase that 
took place in the centuries prior and still may have led to higher than mean stature for both 
the Nusplingen and Pleidelsheim samples when compared to the other European samples.  
The high mean statures in these populations could be indicative of this general trend for an 
increase in stature over the 5th and 6th centuries.  
 
There is a difference between the Library site sample and the later sample from Nidaros 
Cathedral, with a 3.26 cm drop in mean male stature and 5.02 cm reduction in mean female 
stature. This is not surprising given the poor health that seems to be evident in this later 
sample. Hughes (1998) notes that the stature in this sample is lower than in modern 
Norwegians and, it would appear, also to those of the previous period. She credits this to 
malnutrition and disease. Levels of osteomalacia and scurvy in the sample indicate an 
inadequate diet and a lack of availability of fresh food (Hughes 1998). This is also in 
keeping with Steckel's (2004) work on Northern European stature during the Middle Ages, 
with mean stature falling to a low in the 17th and 18th centuries, which corresponds to the 
date for the Nidaros Cathedral sample. However, osteological evidence from the site 
supports the notion that individuals buried here could have been from a low socio-
economic class (Hughes 1998), which could also be contributing to lower mean stature. 
However, it should be noted that this comparison includes the combined results from 
Phases B and C of the Library site. Given the decrease in female stature during Phase C of 
the sample, direct comparisons between Phase C and the Nidaros Cathedral sample would 
lead to less pronounced differences. This then, would indicate a steady trend over time in 
Trondheim for decreased mean stature in males and females from Phase B to the 18th 
century. However, given that those buried in the Nidaros Cathedral cemetery are known to 
be of a low socio-economic class, and class is unknown for the Library site sample, direct 
comparisons and inferences regarding a decrease in stature over time are difficult to make 
definitively. 
 
Kastella had one of the lowest mean statures, but when viewed in context with other 
stature measurements from Byzantine Crete (Bourbou 2010), this does not appear to be 
abnormal. The sample was also taken from the 11th and 12th centuries, in the middle of the 
Medieval Warm period. It has previously been suggested that the LIA was beneficial to the 
Mediterranean in reducing hot summer temperatures (Koepke and Baten 2005), and 
perhaps conversely, the Medieval Warm Period was detrimental in this area, leading to an 
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increase in temperature and greater pressure on health in the Mediterranean. Conversely, 
Bourbou (2004, 2010) notes that this was a period of stability, with individuals partaking in 
a well-balanced diet , with grains supplemented by plants and marine proteins. 
Consequently, given the similarities in other mean statures from other samples taken from 
this region, low mean statures may be related to genetic factors, rather than environmental 
or social ones.  
 
There is also a visible difference in male stature between the samples taken from the sites 
of Haffjarðarey and Viðey, both in Iceland. Once again, if stature is used as an index for 
general population health, this confirms the differences already known about these two 
towns. Whilst Haffjarðarey is an earlier site, dated to the 13th to 16th centuries, compared to 
Viðey's dating of 18th to 19th centuries, Viðey was a far larger, more compact town. Despite 
the fact that those interred in the Viðey sample would have likely been of higher status 
than the labourers and farmers at Haffjarðarey, the higher population density and size 
could well have led to higher levels of infectious disease and thus lower stature (Gestsdóttir 
2004). It is also possible that, even in light of the lower status, those living in a smaller 
town would have had better access to a variety of foodstuffs, particularly proteins, 
important in promoting childhood growth. 
 
These examples of estimated stature from samples across Europe demonstrate that stature 
estimations cannot be viewed alone as an analogue for health and general well-being in the 
past. The populations of these samples are dated across a number of centuries, with 
differing dietary patterns and settlement types. Viewing these means singularly or as a 
group provides no clear pattern as to the causation of low or high mean statures in these 
samples. The Library site sample certainly appears to have average to above-average stature 
compared to others, but it is difficult to discern what factors may have caused this. The 
relationship of stature to social and environmental factors as well as to other variables such 
as nutritional deficiencies and infection will be explored further in Chapters Seven and Ten.   
5.5 Summary 
This chapter has outlined and examined the results of assessments into the age and sex 
determination of adult individuals from the Library site sample and thus, the demographic 
profile of the site as a whole and across the main phases. Aspects of preservation were also 
discussed by phase, as well as stature estimations, which were then compared to mean 
stature estimations collated from the comparison European samples. 
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Examinations of the demographic profile of the sample from the Library site revealed 
some interesting differences in sex distribution within the phases. Across the samples, the 
ratio of male to female individuals was not particularly unusual. However, once this was 
divided into phases, the predominance of females in Phase B became more apparent. It is 
likely that this was due to a bias in sex determinations, cemetery layout or other factors, 
such as differential migration.  
 
Preservation of the individuals excavated from the Library site sample was exceptional, 
with over half of individuals at least 50% complete. The majority of individuals that were 
less than 25% complete were from the unsexed adult group, which explains the difficulty in 
determining age and sex for these individuals. Phase A had particularly poor preservation, 
with the majority of individuals less than 50% complete. The skeletons from Phases B and 
C were far better preserved, although, there was a slightly higher number of individuals 
over 50% complete in Phase B.  
 
While male stature was similar when comparing Phases B and C, female stature decreased 
between these phases, though this was not statistically significant. This could be indicating 
greater physiological stress for females in Trondheim during Phase B. Chapters Seven 
(Nutritional Deficiencies and Physiological Stress) and Eight (Non-specific infection) 
further explore the impacts of infection and nutrition on the sample and seek to determine 
any differences in health between the sexes. 
 
Stature at the Library site appears to be average to above average, relative to other 
European samples. Mean male and female stature is higher than in the later sample from 
Nidaros Cathedral, which is in keeping with a downturn in health during later periods in 
Norway, but could also be explained by social stratification, with evidence for poorer 
individuals being interred at the Nidaros Cathedral site (Hughes 1998). The samples from 
Germany and Hallow Hill have very similar mean statures to one another, despite the 
differences in date and geographical location. This may be a result of general upswings in 
mean stature that occurred during the dates from which these samples were taken, or at the 
very least, suggest that the general health of these groups was good in comparison to other 
samples in Europe.  
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Later chapters will further explore patterns of health in these comparison samples, and the 
statistical relationship of mean stature from the Library and other samples will be explored 
in Chapters Seven, Eight and Ten.  
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Chapter Six 
Oral Health    
 
Examinations into the oral health of a population can provide insight into the general 
health and wellbeing of a group, as well as the impact of more specific factors on the 
frequency of pathological lesions. The impacts of diet, oral hygiene, biology and fertility on 
oral health have all been examined in the bioarchaeological research (Hillson 1996, Ortner 
2003, Roberts and Manchester 2007, Willis and Oxenham 2013, Larsen 2015). This chapter 
aims to undertake an assessment and analysis of the oral health of the Library site sample, 
to investigate and answer the proposed research questions around the health of individuals 
in Trondheim during this period. This chapter will not only examine the occurrence of 
specific pathological lesions in the dentition and surrounding bone, but will also provide a 
broader assessment of health in Trondheim during this period, along with the impacts of 
sex, age and social and environmental variables on wellbeing. Comparisons to other 
European samples will contextualise the sample within contemporary Europe and provide 
an opportunity to view oral health in Europe during the medieval and early modern periods 
as a whole.   
 
In order to discuss these aspects of oral health, this chapter will present the result of 
examinations into the presence of a number of pathological lesions of the dentition 
(referred to simply as pathological lesions throughout this chapter) - calculus, dental caries, 
ante-mortem tooth loss (AMTL) and alveolar defects of pathological origin (ADP), along 
with summaries of dentition recovered for each phase. Other aspects of oral health, such as 
linear enamel hypoplasia, will be considered in Chapter Seven. The sample as a whole will 
be analysed along with the two main phases (B and C) to which the majority of individuals 
can be attributed. Results from these will be compared to other European samples with 
comparable data. The interactions of interest, including between sex, age and phase will 
inform the layout of tables summarising frequencies of pathological lesions and statistical 
modelling of the data.  
 
A generalised linear model (GLM) will be applied to frequencies of dental caries, ADP and 
AMTL in order to ascertain the relationship between factors such as sex, age and phase and 
the frequencies of these pathological lesions (see Chapter Four, section 4.9 for method). 
For the purposes of statistical modelling, only individuals of determined sex and age (i.e. 
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young adult and old adult) have been included, which accounts for the different figures 
given for frequencies of lesions in tables presenting the results of this modelling.  
 
This chapter will also present an exploratory multivariate analysis of the collective 
pathological lesions across the European sample, in order to gauge any initial relationships 
between the samples. This will be based on principal component analysis (PCA). This will 
aid in determining how the frequencies of pathological lesions in the Library site sample 
and European samples compare to one other, particularly if frequencies of pathological 
lesions are influencing groupings of the sites (see Chapter Four, section 4.9.2 for additional 
details). These and the above results will then be discussed in the context of current 
bioarchaeological research and documented change that occurred during the medieval and 
early modern periods. 
6.1 Results - dentition summary 
This section will present summaries of the dentition from the Library site sample by all 
phases (A, B and C), Phase B and Phase C. In order to conduct examinations into the 
pathological lesions present in the dentition and compare these to other samples from 
Europe, it is necessary to determine the number of observable teeth compared to the 
number of alveoli. This will also provide rates of preservation of dentition. These results 
will form the basis of subsequent analyses of calculus, dental caries, AMTL and ADP. 
6.1.1 All phases (A, B, C) 
Table 6.1 summarises the dentition recovered from the adult sample excavated from the 
Library site. A total of 183 individuals, of which 90 were female and 67 male, presented 
with alveoli available for examination. Preserved alveoli for all adult individuals totalled 
4,428. 172 individuals had assessable teeth (total 1,952 teeth) and the majority of 
individuals with assessable dentition were female (86), followed by male individuals (66). 
Posterior alveoli and teeth had a higher rate of preservation (i.e. teeth expressed as a 
percentage of alveoli) than anterior. Overall, 60.3% of posterior teeth were preserved, 
compared to 16.0% of anterior teeth. Retention of maxillary teeth (49.3%) was more 
frequent than the retention of mandibular teeth (39.7%). 
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Table 6.1: Summary table of dentition recovered from all phases of the Library site sample 
Females3 Males3 ?Sex TOTAL
N1 90 67 26 183
Alveoli 2318 1596 514 4428
Alveoli/N1 25.8 23.8 19.8 23.8
N2 86 66 20 172
Teeth 958 770 224 1952
Teeth/N2 11.1 11.7 12.1 11.4
Teeth/Alveoli % 41.3 48.2 43.6 44.1
Preserved anterior alveoli 853 595 169 1617
Preserved anterior teeth 115 110 33 258
Anterior teeth/alveoli % 13.5 18.5 19.5 16.0
Preserved posterior alveoli 1465 1001 345 2811
Preserved posterior teeth 843 660 191 1694
Posterior teeth/alveoli % 57.5 65.9 55.4 60.3
Preserved maxillary alveoli 1088 725 213 2026
Preserved maxillary teeth 500 401 98 999
Maxillary teeth/alveoli % 46.0 55.3 46.0 49.3
Preserved mandibular alveoli 1230 871 301 2402
Preserved mandibular teeth 458 369 126 953
Mandibular teeth/alveoli % 37.2 42.4 41.9 39.7
?Sex: adult of undetermined sex
1number of individuals with an assessable alveolus
2number of individuals with an assessable tooth
3includes individuals of undetermined age (adult)  
6.1.2 Phase B 
Of the three phases, only B and C yielded sufficient dental material to warrant separate 
description. A summary of the adult dentition recovered from Phase B can be found in 
Table 6.2. A total of 86 individuals, including 48 females and 30 males, had assessable 
alveoli (2,242). In this phase, 934 assessable teeth were present, equating to an overall 
percentage of 41.7%, based on alveoli count. There was a greater preservation of posterior 
teeth (57.6%) than anterior teeth (14.1%). This was also true of maxillary teeth (47.9%) 
compared to mandibular teeth (36.3%).  
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Table 6.2: Summary table of dentition recovered from Phase B of the Library site sample  
Females3 Males3 ?Sex TOTAL
N1 48 30 8 86
Alveoli 1338 751 153 2242
Alveoli/N1 27.9 25.0 19.1 24.9
N2 47 30 6 83
Teeth 541 336 57 934
Teeth/N2 11.5 11.3 14.3 11.6
Teeth/Alveoli % 40.4 44.7 37.3 41.7
Preserved anterior alveoli 492 284 46 822
Preserved anterior teeth 61 49 6 116
Anterior teeth/alveoli % 12.4 17.3 13.0 14.1
Preserved posterior alveoli 846 467 107 1420
Preserved posterior teeth 480 287 51 818
Posterior teeth/alveoli % 56.7 61.5 47.7 57.6
Preserved maxillary alveoli 632 336 63 1031
Preserved maxillary teeth 288 179 27 494
Maxillary teeth/alveoli % 45.6 53.3 42.9 47.9
Preserved mandibular alveoli 706 415 90 1211
Preserved mandibular teeth 253 157 30 440
Mandibular teeth/alveoli % 35.8 37.8 33.3 36.3
?Sex: adult of undetermined sex
1number of individuals with an assessable alveolus
2number of individuals with an assessable tooth
3includes individuals of undetermined age (adult)  
6.1.3 Phase C 
Table 6.3 summarises the adult dentition recovered from Phase C of the Library site 
sample. A total of 88 individuals had 2,077 assessable alveoli, and 84 individuals had 949 
assessable teeth. Male dentition (50.7%) was slightly better preserved than female dentition 
(40.8%). As with Phase B and the site as a whole, there was greater preservation of 
posterior teeth (61.6%) than anterior teeth (17.5%). There was also a higher retention of 
maxillary dentition (51.3%) than mandibular dentition (41.3%).  
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Table 6.3: Summary table of dentition recovered from Phase C of the Library site sample 
Females3 Males3 ?Sex TOTAL
N1 38 32 18 88
Alveoli 890 826 361 2077
Alveoli/N 23.4 25.8 20.1 22.9
N2 35 35 14 84
Teeth 363 419 167 949
Teeth/N2 10.4 12.0 12.3 11.4
Teeth/Alveoli % 40.8 50.7 46.3 45.7
Preserved anterior alveoli 317 309 123 749
Presvered anterior teeth 43 61 27 131
Anterior teeth/alveoli % 13.6 19.7 22.0 17.5
Preserved posterior alveoli 573 517 238 1328
Presvered posterior teeth 320 358 140 818
Posterior teeth/alveoli % 55.8 69.2 58.8 61.6
Preserved maxillary alveoli 392 382 140 914
Presvered maxillary teeth 185 213 71 469
Maxillary teeth/alveoli % 47.2 55.8 50.7 51.3
Preserved mandibular alveoli 498 444 221 1163
Presvered mandibular teeth 178 206 96 480
Mandibular teeth/alveoli % 35.7 46.4 43.4 41.3
?Sex: adult of undetermined sex
1number of individuals with an assessable alveolus
2number of individuals with an assessable tooth
3includes individuals of undetermined age (adult)  
6.2 Results - calculus 
The following sections will summarise the frequencies of calculus on the labial surface of 
dentition across the Library site sample (Phases A, B and C), and within the individual 
phases (B and C). While the presence of calculus can be considered as evidence for specific 
subsistence or oral hygiene practices (Lieverse 1999), this was not the predominant reason 
for the collection of this information. Rather, the effect of dental calculus on obscuring the 
labial surfaces and thus inhibiting examinations for pathological lesions, particularly linear 
enamel hypoplasia (LEH), meant that its presence was important to record. This will be of 
particular importance in Chapter Seven which outlines the indicators for nutritional 
deficiencies and childhood stress, including LEH. 
 
124 
 
6.2.1 All phases (A, B, C) 
Table 6.4 summarises the frequencies of observable calculus on the labial surfaces of teeth 
across all phases of the sample. The frequency across the sample for calculus on the labial 
surface was 24.2% of observable dentition. The frequency in females (26.1%) was slightly 
higher than males (23.9%). Frequencies in both young and old adult groups were fairly 
consistent across the sexes.  
 
Table 6.4: Summary table of sex and age frequency of calculus in all phases of the Library site 
sample 
N1 N2 N3 max/man
Obs. 
calculus4 
max/man
Total teeth 
with calculus % calculus5
Female YA 48 603 328/275 108/50 158 26.2
OA 36 330 164/166 49/38 87 26.4
?Adult 2 25 8/17 1/4 5 20.0
Subtotal 86 958 500/458 158/92 250 26.1
Male YA 37 468 253/215 80/30 110 23.5
OA 28 299 145/154 35/39 74 24.7
?Adult 1 3 3/0 0/0 0 0.0
Subtotal 66 770 401/369 115/69 184 23.9
?Sex YA 13 147 62/85 13/14 27 18.4
OA 6 72 36/36 7/5 12 16.7
?Adult 1 5 0/5 0/0 0 0.0
Subtotal 20 224 98/126 20/19 39 17.4
Total 172 1952 999/953 293/180 473 24.2
YA: young adult; OA: old adult; ?Sex: adult of undetermined sex; 
?Adult: adult of undetermined age; max: maxilla; man: mandible
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3number of preserved maxillary/preserved mandibular teeth
4calculus observed on labial surface
5individual teeth with calculus/total assessable teeth for category x 100  
 
6.2.2 Phase B 
Table 6.5 summarises the frequencies of observable calculus on the labial surfaces of teeth 
from Phase B of the sample. At 22.8%, the frequency in Phase B across all groups was 
slightly lower than the overall figure (see previous table). The frequency of calculus in male 
dentition in Phase B was also lower, at 17.9%. Old females and males had lower 
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frequencies of calculus than young females and males. This is noteworthy, given the 
cumulative nature of dental calculus.  
 
Table 6.5: Summary table of sex and age frequency of calculus in Phase B of the Library site 
sample 
N1 N2
N3 
max/man
Obs. 
calculus4 
max/man
Total teeth 
with calculus % calculus5
Female YA 28 377 209/168 74/32 106 28.1
OA 19 164 79/85 17/15 32 19.5
?Adult 0 0 0/0 0/0 0 0.0
Subtotal 47 541 288/253 91/47 138 25.5
Male YA 16 183 97/86 31/7 38 20.8
OA 13 150 79/71 13/9 22 14.7
?Adult 1 3 3/0 0/0 0 0.0
Subtotal 30 336 179/157 44/16 60 17.9
?Sex YA 4 34 13/21 2/3 5 14.7
OA 2 23 14/9 6/4 10 43.5
?Adult 0 0 0/0 0/0 0 0.0
Subtotal 6 57 27/30 8/7 15 26.3
Total 83 934 494/440 143/70 213 22.8
YA: young adult; OA: old adult; ?Sex: adult of undetermined sex; 
?Adult: adult of undetermined age; max: maxilla; man: mandible
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3number of preserved maxillary/preserved mandibular teeth
4calculus observed on labial surface
5individual teeth with calculus/total assessable teeth for category x 100  
6.2.3 Phase C 
Table 6.6 summarises the frequencies of observable calculus on the labial surfaces of teeth 
from Phase C of the sample. The frequency of calculus on dentition from Phase C of the 
sample (27.3%) was slightly higher than Phase B (22.8%). The frequency in young females 
was similar to that in Phase B, while the frequency in young male dentition from Phase C 
(26.7%) was slightly higher than that in Phase B (20.8%). Old adult frequencies of calculus 
were higher than their Phase B counterparts, with both sexes recording frequencies at or 
just under 35.0% in Phase C. 
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Table 6.6: Summary table of sex and age frequency of calculus in Phase C of the Library site 
sample 
N1 N2
N3 
max/man
Obs. 
calculus4 
max/man
Total teeth 
with calculus % calculus5
Female YA 17 181 97/84 33/18 51 28.2
OA 16 157 80/77 32/23 55 35.0
?Adult 2 25 8/17 1/4 5 20.0
Subtotal 35 363 185/178 66/45 111 30.6
Male YA 20 270 147/123 49/23 72 26.7
OA 15 149 66/83 22/30 52 34.9
?Adult 0 0 0/0 0/0 0 0.0
Subtotal 35 419 213/206 71/53 124 29.6
?Sex YA 9 113 49/64 11/11 22 19.5
OA 4 49 22/27 1/1 2 4.1
?Adult 1 5 0/0 0/0 0 0.0
Subtotal 14 167 71/96 12/12 24 14.4
Total 84 949 469/480 149/110 259 27.3
YA: young adult; OA: old adult; ?Sex: adult of undetermined sex; 
?Adult: adult of undetermined age; max: maxilla; man: mandible
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3number of preserved maxillary/preserved mandibular teeth
4calculus observed on labial surface
5individual teeth with calculus/total assessable teeth for category x 100  
6.3 Results - dental caries 
This section will summarise the frequencies of dental caries across the Library site sample 
(Phases A, B and C), and within the individual phases (B and C), and compare frequencies 
of caries between phases and to other European samples.  
6.3.1 All phases (A, B, C) 
A summary of the frequencies of dental caries by sex and age for all phases of the sample is 
presented in Table 6.7, which displays these by tooth and individual counts. The difference 
between the number of teeth with carious lesions and the total number of carious lesions 
appeared to be important and this difference is reflected in the Total Caries and Total 
Carious Teeth columns. The overall percentage of caries in the adult sample was 4.5% by 
tooth count and 30.7% of carious teeth had two or more lesions. Of individuals with 
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assessable dentition, 45 presented with carious lesions (26.2%). Of these, 19.8% of female 
individuals exhibited at least one carious lesion, as did 31.8% of males.  
 
Male dentition had a higher frequency of teeth with two or more caries (40%), than female 
dentition (31.0%). This was even more marked when comparing the frequency in young 
males (46.2%) to young females (33.3%). Caries on the occlusal surface were the 
predominant location in females (56.1% of carious lesions), followed by pit caries (19.5%). 
This was reversed in the male dentition with 47.8% of lesions located in pits and 40.6% on 
the occlusal surface. Examinations of the location of dental caries confirmed their presence 
in both the maxilla and mandible. All of the carious lesions occurred in the posterior 
dentition, representing caries on 5.2% of assessable posterior teeth. 
 
Table 6.8 presents the results of pair-wise comparisons of sex and age interactions for 
dental caries by tooth, caries count and by individual across all phases of the Library site 
sample, derived from GLM analysis. A statistically significant higher frequency of caries 
occurred in male teeth (5.2%, P = 0.019) when compared to female teeth (2.6%). By 
individual, 32.3% of males had carious lesions as opposed to 17.9% of females, although 
this difference was not statistically significant (P = 0.055). Across the age groups there was 
a statistically significant difference between the frequencies of caries by tooth in old male 
(4.7%, P = 0.019) and old females (1.8%). However, this was not the case when young 
females (3.0%) and young males (5.6%, P =0.115) were compared. Comparisons of the 
frequencies of adult individuals with caries also reflected these relationships, although none 
of these differences were statistically significant. 
 
Investigations into the frequencies of carious teeth with two or more lesions revealed no 
statistically significant differences between any of the groups. Breakdowns of carious 
lesions by individual and multiple lesions were not further modelled by phase as the 
outcomes of GLM modelling were not robust. This was likely due to the limited data 
available for these particular aspects of the pathology.
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Table 6.7: Summary table of sex and age frequency of dental caries in all phases of the Library site sample 
N1 N2 N3 ant/post
Obs. caries 
ant/post4
Proportion 
of caries 
ant/post
N5 
max/man
Obs. caries 
max/man
Proportion 
of caries 
max/man
Total 
carious 
teeth
% 
caries6
Total 
teeth 2+ 
caries
% 
caries7 TP OS P MC MR DC DR BS BR LS LR
Total 
caries
Caries individual8 
(%)
Female YA 48 603 80/523 0/18 0.0/3.4 328/275 10/8 3.0/2.9 18 3.0 6 33.3 4 16 5 0 0 0 0 0 0 0 0 25 10/48 (20.8)
OA 36 330 31/299 0/6 0.0/2.0 164/166 4/2 2.4/1.2 6 1.8 2 33.3 0 5 2 1 0 0 0 0 0 0 0 8 5/36 (13.9)
?Adult 2 25 4/21 0/5 0.0/23.8 8/17 2/3 25.0/17.6 5 16.0 1 20.0 0 2 1 2 0 1 0 2 0 0 0 8 2/2 (100.0)
Subtotal 86 958 115/843 0/29 0.0/3.4 500/458 16/10 3.2/2.2 29 4.4 9 31.0 4 23 8 3 0 1 0 2 0 0 0 41 17/86 (19.8)
% 9.8 56.1 19.5 7.32 0.0 2.44 0 4.88 0.0 0.0 0.0 100.0
Male YA 37 468 72/396 0/26 0.0/6.5 253/215 12/14 4.7/6.5 26 5.6 12 46.2 0 21 24 0 0 0 0 5 0 1 0 51 12/37 (32.4)
OA 28 299 37/262 0/14 0.0/5.3 145/154 6/8 4.1/5.2 14 4.7 4 28.6 1 7 9 0 1 0 0 0 0 0 0 18 9/28 (32.1)
?Adult 1 3 1/2 0/0 0.0/0.0 3/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 (0.0)
Subtotal 66 770 110/660 0/40 0.0/6.1 401/369 18/22 4.5/6.0 40 5.2 16 40.0 1 28 33 0 1 0 0 5 0 1 0 69 21/66 (31.8)
% 1.4 40.6 47.8 0.0 1.4 0.0 0.0 7.2 0.0 1.4 0.0 100.0
?Sex YA 13 147 20/127 0/12 0.0/10.2 62/85 3/9 4.8/11.8 12 8.2 1 8.3 0 4 3 1 0 0 0 5 0 0 0 13 5/13 (38.5)
OA 6 72 12/60 0/7 0.0/13.3 36/36 4/3 13.9/8.3 7 9.7 1 14.3 0 2 6 0 0 0 0 0 0 0 0 8 2/6 (33.3)
?Adult 1 5 1/4 0/0 0.0/0.0 0/5 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 (0.0)
Subtotal 20 224 33/191 0/19 0.0/11.0 98/126 7/12 8.2/10.3 19 9.4 2 10.5 0 6 9 1 0 0 0 5 0 0 0 21 7/20 (35.0)
% 0.0 28.6 42.9 4.8 0.0 0.0 0.0 23.8 0.0 0.0 0.0 100.0
Total 172 1952 258/1694 0/88 0.0/5.2 999/953 39/45 3.9/4.7 88 4.5 27 30.7 5 57 50 4 1 1 0 12 0 1 0 131 45/172 (26.2)
% 3.8 43.5 38.2 3.1 0.8 0.8 0.0 9.2 0.0 0.8 0.0 100.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; max: maxilla; man: mandible
TP: tooth presence, absence, carious; OS: occlusal surface; P: pit; MC: mesial contact; MR: mesial root; DC: distal contact; DR: distal root; BS: buccal smooth; BR: buccal root; LS: lingual smooth; LR: lingual root
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3 number of preserved anterior/posterior teeth
4number of teeth with observable caries
5number of preserved maxillary/preserved mandibular teeth
6teeth with 1+ caries/total assessable teeth for category x 100
7 teeth with 2+ caries/total carious teeth x 100
8individuals observed with caries/individuals with assessable teeth(%)
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Table 6.8: Summary table of dental caries by tooth, caries count and individual associated with 
the pair-wise comparisons (p-values) of sex, age and interactions of sex and age in all phases 
derived from generalised linear modelling 
Variable
% Dental 
Caries1 P 2 % 2+ Caries3 P 2
% Caries 
Individual4 P 2
Sex F 2.6 33.3 17.9
M 5.2 40.0 32.3
Age YA 4.1 40.9 25.9
OA 3.2 30.0 21.9
Sex*Age F YA 3.0 33.3 20.8
OA 1.8 33.3 13.9
M YA 5.6 46.2 32.4
OA 4.7 28.6 32.1
Age*Sex YA F 3.0 33.3 20.8
M 5.6 46.2 32.4
OA F 1.8 33.3 13.9
M 4.7 28.6 32.1
F: female; M: male; YA: young adult; OA: old adult
1percentage of dental caries by tooth count
2p ‐value; bold numbers indicate significance; significance is considered as values ≤0.05
3percentage of carious teeth with 2 or more lesions
4percentage of caries by individual count
Category
0.019 0.707 0.055
0.420 0.556 0.593
0.320 1.000 0.404
0.688 0.464 0.983
0.115 0.564 0.265
0.019 0.884 0.097
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6.3.2 Phase B 
A summary of the frequencies of dental caries by sex and age for Phase B of the sample is 
presented in Table 6.9, which displays these by tooth count and individual count. Overall, 
the frequency of carious teeth in Phase B of the sample was 2.1%, with 2.7% of male 
dentition affected, and 2.0% of female dentition. Higher frequencies were evident in the 
older adult groups. Of these carious teeth, a total of 30.0% had more than one lesion, the 
majority of these being male dentition. All of the young male carious teeth presented with 
at least two carious lesions, compared to no young females presenting with more than one 
lesion. Around 40.0% of old female carious teeth had more than one lesion, but the 
number of carious teeth overall was small.  
 
Of the 83 adult individuals with assessable teeth, 11 of these had at least one carious lesion 
(20.3%). Of these, 17.0% of females and 10.0% of males had caries. Old females were the 
group with the highest frequency of carious lesions by individual (21.1%), but this was not 
replicated when considering the frequency of carious lesions by tooth, where old males had 
the highest percentage of teeth affected (3.3%). There were no anterior caries, with all 
lesions limited to the posterior teeth (2.4%). Frequencies of dental caries in the maxillary 
dentition (2.2%) and mandibular dentition (2.0%) were approximately equal. The occlusal 
surface and pits of the dentition were the most prominent locations for carious lesions. 
 
Table 6.10 presents the results of pair-wise comparisons of sex and age interactions for 
dental caries by tooth count in Phase B of the Library site sample, derived from GLM 
analysis. Unlike examinations of the Library site sample across the three phases, modelling 
of the frequencies of dental caries in Phase B did not reveal any significant relationships. 
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Table 6.9: Summary table of sex and age frequency of dental caries in Phase B of the Library site sample 
n1 N2 N3 ant/post
Obs. caries 
ant/post4
Proportion 
of caries 
ant/post
N5 
max/man
Obs. caries 
max/man4
Proportion 
of caries 
max/man
Total 
carious 
teeth
% 
caries6
Total 
teeth 2+ 
caries
% 
caries7 TP OS P MC MR DC DR BS BR LS LR
Total 
caries
Caries individual8 
(%)
Female YA 28 377 51/326 0/6 0.0/1.8 209/168 3/3 1.4/1.8 6 1.6 0 0.0 0 4 2 0 0 0 0 0 0 0 0 6 4/28 (14.3)
OA 19 164 10/154 0/5 0.0/3.2 79/85 3/2 3.8/2.4 5 3.0 2 40.0 0 4 2 1 0 0 0 0 0 0 0 7 4/19 (21.1)
?Adult 0 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/0 (0.0)
Subtotal 47 541 61/480 0/11 0.0/2.3 288/253 6/5 2.1/2.0 11 2.0 2 18.2 0 8 4 1 0 0 0 0 0 0 0 13 8/47 (17.0)
% 0.0 61.5 30.8 7.69 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Male YA 16 183 22/161 0/4 0.0/2.5 97/86 2/2 2.1/2.3 4 2.2 4 100.0 0 3 7 0 0 0 0 1 0 1 0 12 1/16 (6.3)
OA 13 150 26/124 0/5 0.0/4.0 79/71 3/2 3.8/2.8 5 3.3 0 0.0 0 3 2 0 0 0 0 0 0 0 0 5 2/13 (15.4)
?Adult 1 3 1/2 0/0 0.0/0.0 3/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 (0.0)
Subtotal 30 336 49/287 0/9 0.0/3.1 179/157 5/4 2.8/2.5 9 2.7 4 44.4 0 6 9 0 0 0 0 1 0 1 0 17 3/30 (10.0)
% 0.0 33.3 50.0 0.0 0.0 0.0 0.0 5.6 0.0 5.6 0.0 100.0
?Sex YA 4 34 2/32 0/0 0.0/0.0 13/21 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/4 (0.0)
OA 2 23 4/19 0/0 0.0/0.0 14/9 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/2 (0.0)
?Adult 0 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/0 (0.0)
Subtotal 6 57 6/51 0/0 0.0/0.0 27/30 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/6 (0.0)
% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 83 934 116/818 0/20 0.0/2.4 494/440 11/9 2.2/2.0 20 2.1 6 30.0 0 14 13 1 0 0 0 1 0 1 0 30 11/83 (20.3)
% 0.0 45.2 41.9 3.2 0.0 0.0 0.0 3.2 0.0 3.2 0.0 100.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; max: maxilla; man: mandible
TP: tooth presence, absence, carious; OS: occlusal surface; P: pit; MC: mesial contact; MR: mesial root; DC: distal contact; DR: distal root; BS: buccal smooth; BR: buccal root; LS: lingual smooth; LR: lingual root
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3 number of preserved anterior/posterior teeth
4number of teeth with observable caries
5number of preserved maxillary/preserved mandibular teeth
6teeth with 1+ caries/total assessable teeth for category x 100
7 teeth with 2+ caries/total carious teeth x 100
8individuals observed with caries/individuals with assessable teeth(%)
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Table 6.10: Summary table of dental caries by tooth associated with the pair-wise comparisons 
(p-values) of sex, age and interactions of sex and age in Phase B derived from generalised 
linear modelling  
Variable % Dental Caries
1 P 2
Sex F 2.0
M 2.7
Age YA 1.8
OA 3.2
Sex*Age F YA 1.6
OA 3.0
M YA 2.2
OA 3.3
Age*Sex YA F 1.6
M 2.2
OA F 3.0
M 3.3
F: female; M: male; YA: young adult; OA: old adult
1percentage of dental caries by tooth count
2p -value; bold numbers indicate significance; significance is 
considered as values ≤0.05
Category
0.620
0.896
0.216
0.619
0.536
0.204
 
6.3.3 Phase C 
A summary of the frequencies of dental caries by sex and age for Phase C of the sample is 
presented in Table 6.11, which displays these by tooth count and individual count. By tooth 
count, 7.2% of observable teeth had carious lesions, including 7.4% of male dentition and 
5.0% of female dentition. Both young female (6.6%) and young male dentition (8.1%) had 
greater frequencies of carious lesions than old adults. No old females presented with teeth 
with multiple lesions. The occlusal surface was the most common location for caries in 
females, followed by the pit of the tooth. The majority of caries in males were split between 
the occlusal surface (42.3%) and pit of the tooth (46.2%).  
 
Overall, 34 individuals (40.5%) exhibited at least one carious lesion. Male individuals 
(51.4%) had a higher frequency of carious lesions than females (25.7%). Young females 
(35.3%) had a higher frequency of caries when compared to old females (6.3%), as did 
young males (55.0%) when compared to old males (46.7%). In both age categories, male 
individuals had higher frequencies of dental caries than females. 
 
Table 6.12 presents the results of pair-wise comparisons of sex and age interactions for 
dental caries by tooth count in Phase C of the Library site sample, derived from GLM 
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analysis. There was only one relationship resulting in a statistically significant difference. 
Old males (6.0%) had a significantly greater frequency of dental caries by tooth count when 
compared to old females (0.6%, P = 0.018). Other comparisons were close to the 5% least 
significant prediction, such as the comparison of young adults (7.5%) to old adults (3.3%, P 
= 0.064) and the difference between frequency of caries in young female (6.6%)  and old 
female dentition (0.6%, P = 0.065).  
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Table 6.11: Summary table of sex and age frequency of dental caries in Phase C of the Library site sample 
n1 N2 N3 ant/post
Obs. caries 
ant/post4
Proportion 
of caries 
ant/post
N5 
max/man
Obs. caries 
max/man4
Proportion 
of caries 
max/man
Total 
carious 
teeth
% 
caries6
Total 
teeth 2+ 
caries
% 
caries7 TP OS P MC MR DC DR BS BR LS LR
Total 
caries
Caries individual8 
(%)
Female YA 17 181 18/163 0/12 0.0/7.3 97/84 7/5 7.2/5.9 12 6.6 6 50.0 4 12 3 0 0 0 0 0 0 0 0 19 6/17 (35.3)
OA 16 157 21/136 0/1 0.0/0.7 80/77 1/0 1.3/0.0 1 0.6 0 0.0 0 1 0 0 0 0 0 0 0 0 0 1 1/16 (6.3)
?Adult 2 25 4/21 0/5 0.0/23.8 8/17 2/3 25.0/17.6 5 20.0 1 20.0 0 2 1 2 0 1 0 2 0 0 0 8 2/2 (100.0)
Subtotal 35 363 43/320 0/18 0.0/5.6 185/178 10/8 5.4/4.5 18 5.0 7 38.9 4 15 4 2 0 1 0 2 0 0 0 28 9/35 (25.7)
% 14.3 53.6 14.3 7.1 0.0 3.6 0.0 7.1 0.0 0.0 0.0 100.0
Male YA 20 270 50/220 0/22 0.0/10.0 147/123 10/12 6.8/9.8 22 8.1 8 36.4 0 18 17 0 0 0 0 4 0 0 0 39 11/20 (55.0)
OA 15 149 11/138 0/9 0.0/6.5 66/83 2/7 3.0/8.4 9 6.0 4 44.4 1 4 7 0 1 0 0 0 0 0 0 13 7/15 (46.7)
?Adult 0 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/0 (0.0)
Subtotal 35 419 61/358 0/31 0.0/4.1 213/206 12/19 5.6/9.2 31 7.4 12 38.7 1 22 24 0 1 0 0 4 0 0 0 52 18/35 (51.4)
% 1.9 42.3 46.2 0.0 1.9 0.0 0.0 7.7 0.0 0.0 0.0 100.0
?Sex YA 9 113 18/95 0/12 0.0/12.6 49/64 3/9 6.1/14.1 12 10.6 1 8.3 0 4 3 1 0 0 0 5 0 0 0 13 5/9 (55.6)
OA 4 49 8/41 0/7 0.0/17.1 22/27 4/3 18.2/11.1 7 14.3 1 14.3 0 2 6 0 0 0 0 0 0 0 0 8 2/4 (50.0)
?Adult 1 5 1/4 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0 0.0 0 0.0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 (0.0)
Subtotal 14 167 27/140 0/19 0.0/13.6 71/96 7/12 9.9/12.5 19 11.4 2 10.5 0 6 9 1 0 0 0 5 0 0 0 21 7/14 (50.0)
% 0.0 28.6 42.9 4.8 0.0 0.0 0.0 23.8 0.0 0.0 0.0 100.0
Total 84 949 131/818 0/68 0.0/8.3 469/480 29/39 6.2/8.1 68 7.2 21 30.9 5 43 37 3 1 1 0 11 0 0 0 101 34/84 (40.5)
% 5.0 42.6 36.6 3.0 1.0 1.0 0.0 10.9 0.0 0.0 0.0 100.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; max: maxilla; man: mandible
TP: tooth presence, absence, carious; OS: occlusal surface; P: pit; MC: mesial contact; MR: mesial root; DC: distal contact; DR: distal root; BS: buccal smooth; BR: buccal root; LS: lingual smooth; LR: lingual root
1number of individuals with 1+ assessable teeth
2 number of preserved teeth
3 number of preserved anterior/posterior teeth
4number of teeth with observable caries
5number of preserved maxillary/preserved mandibular teeth
6teeth with 1+ caries/total assessable teeth for category x 100
7 teeth with 2+ caries/total carious teeth x 100
8individuals observed with caries/individuals with assessable teeth(%)  
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Table 6.12: Summary table of dental caries by tooth associated with the pair-wise comparisons 
(p-values) of sex, age and interactions of sex and age in Phase C derived from generalised 
linear modelling 
Variable % Dental Caries
1 P 2
Sex F 3.8
M 7.4
Age YA 7.5
OA 3.3
Sex*Age F YA 6.6
OA 0.6
M YA 8.1
OA 6.0
Age*Sex YA F 6.6
M 8.1
OA F 0.6
M 6.0
F: female; M: male; YA: young adult; OA: old adult
1percentage of dental caries by tooth count
2p -value; bold numbers indicate significance; significance is 
considered as values ≤0.05
Category
0.689
0.018
0.065
0.541
0.117
0.064
 
6.3.4 Phase B and Phase C comparisons 
Table 6.13 presents the results of pair-wise comparisons of phase, sex and age interactions 
for dental caries by tooth count, derived from GLM analysis. Phase C generally exhibited 
higher frequencies of caries. Overall, Phase C dentition exhibited a greater frequency of 
carious lesions (5.8%) compared to Phase B (2.3%, P = 0.003). Phase C male dentition 
(7.4%) had a significantly greater frequency of caries when compared to Phase B (2.7%, P 
= 0.033). Dentition from the young age group also had a significantly greater frequency of 
dental caries in Phase C (7.5%, P = 0.001). Specifically, young female dentition exhibited a 
greater frequency of caries in Phase C (6.6%, P = 0.001) when compared to those in Phase 
B (1.6%). Old females had a greater frequency of caries in Phase B (3.0%) compared to 
Phase C (0.6%) and this difference was close to statistical significance (P = 0.059). 
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Table 6.13: Summary table of combined dental caries by tooth associated with the pair-wise 
comparisons (p-values) of the interactions sex and phase and age and phase derived from 
generalised linear modelling 
Variable % Dental Caries
1 P 2
Phase B 2.3
C 5.8
Sex*Phase F B 2.0
C 3.8
M B 2.7
C 7.4
Age*Phase YA B 1.8
C 7.5
OA B 3.2
C 3.3
Sex*Age*Phase FYA B 1.6
C 6.6
FOA B 3.0
C 0.6
MYA B 2.2
C 8.1
MOA B 3.3
C 6.0
F: female; M: male; YA: young adult; OA: old adult
B: Phase B; C: Phase C
1percentage of dental caries by tooth count
2p -value; bold numbers indicate significance; significance is 
considered as values ≤0.05
0.383
0.001
0.955
0.001
Category
0.003
0.145
0.033
0.059
0.063
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6.3.5 Comparisons to European site samples 
Tables 6.14, 6.15 and 6.16 summarise the total frequencies of dental caries in adult 
dentition, by tooth and individual, from the Library site and comparative European 
samples. In comparison to these, the frequency of carious teeth in the Library site sample 
appeared to be relatively low at 4.5%, with only a few other samples exhibiting lower 
frequencies of dental caries, including those from Eleutherna, Kastella, Messene, Sourtara 
Galaniou Kozanis, Thjodhild's Church and Hallow Hill (See Table 6.14). The frequency of 
dental caries was also quite low in comparison to other Scandinavian samples such as 
Gothenburg (11.6%), Turku (15.0%) and the rather astounding frequency of caries from 
Smörkullen (46.2%). All other samples had frequencies of dental caries under 20.0%.  
 
When comparing frequencies of individuals with caries, the percentage of affected 
individuals was variable, from 5.7% (Kastella) to 91.7% (Smörkullen). The Library site 
sample sat around the lower end of this range at 26.2% of individuals affected. The later 
sample from Trondheim, Nidaros Cathedral, had a much higher percentage of caries in 
individuals at 62.5%. In comparison to other Scandinavian samples, the Library site sample 
once again exhibited a relatively low frequency of caries by individual, with 41.0% of 
individuals exhibiting caries at the collective Jutland sites, and 60.3% at Gothenburg. The 
frequencies from the two Icelandic samples, like the Library site sample, were also fairly 
low at 6.7% (Haffjarðarey) and 20.0% (Viðey). 
 
Tables 6.15 and 6.16 summarise the frequencies of dental caries in these samples for males 
and females by individual and tooth count. Unfortunately, many of these samples did not 
have separate frequencies available by sex, or only published data for caries by either 
individual or tooth count. Males in the Library site sample had the lowest frequency of 
caries by tooth count across all samples, as did females. The majority of samples exhibited 
similar frequencies of caries by tooth count between males and females, whilst differences 
were more prominent when comparing individuals with carious lesions. In this case, male 
individuals often had greater frequencies of carious lesions. This was so for the samples 
from the Library site, Pleidelsheim, Kastella, Haffjarðarey, Eleutherna and Viðey. 
 
 
 
 
 
 
 
138 
 
Table 6.14: Summary table of total frequency of dental caries in the Library site sample and 
European site samples 
Sample Country N
1
Obs.2 
Caries % caries3 N4
Obs5 
Caries % caries6
Thjodhild's Church Greenland 597 0 0.0 81 0 0.0
Eleutherna Crete 618 18 2.9 100 9 9.0
Kastella Crete 267 9 3.4 35 2 5.7
Messene Greece 632 23 3.6 NA NA NA
Sourtara Galaniou Kozanis Greece 538 20 3.7 NA NA NA
Hallow Hill U.K. (Scotland) 951 38 4.0 59 16 27.1
Library Site Norway 1952 88 4.5 172 45 26.2
Iberian Peninsula (Medieval) Spain 1012 48 4.7 NA NA NA
Aberdeen U.K. (Scotland) 984 54 5.5 52 19 36.5
Pleidelsheim Germany 1800 107 5.9 96 55 57.3
St Helen-on-the-Walls U.K. (England) 5656 345 6.1 NA NA NA
Whithorn U.K. (Scotland) 8362 688 8.2 NA NA NA
Nusplingen Germany 2014 170 8.4 128 75 58.6
Nin Croatia 643 62 9.6 NA NA NA
Bijelo Brdo Croatia 866 89 10.3 69 35 50.7
Wharram Percy U.K. (England) 4768 492 10.3 280 190 67.9
Nova Rača Croatia 765 82 10.7 NA NA NA
Korytiani Greece 2340 251 10.7 NA NA NA
Iznik7 Turkey 261 29 11.1 52 8 15.4
Ðakovo Croatia 565 65 11.5 NA NA NA
Gothenburg Sweden 916 106 11.6 63 38 60.3
Iberian Peninsula (Modern) Spain 1210 141 11.7 NA NA NA
Raunds Furnells U.K. (England) 3840 448 11.7 NA NA NA
Vienna Austria 2215 331 14.9 NA NA NA
Quadrella Italy 1177 176 15.0 67 48 71.6
Turku Finland 4581 689 15.0 NA NA NA
Vicenne-Campochiaro Italy 1713 258 15.1 88 70 79.5
Vilarnau d'Amont France 1395 251 18.0 NA NA NA
Požega Cathedral Croatia 1610 296 18.4 104 77 74.0
Christ Church U.K. (England) 1627 311 19.1 64 47 73.4
Smorkullen Sweden 1794 829 46.2 96 88 91.7
Jutland Denmark NA NA NA 227 93 41.0
Haffjarðarey Iceland NA NA NA 15 1 6.7
Viðey Iceland NA NA NA 25 5 20.0
Nidaros Cathedral Norway NA NA NA 40 25 62.5
1 Number of preserved teeth
2observed individual teeth with 1+ caries
3individual teeth with 1+ caries/total assessable teeth for category x 100
4Total number of individuals with observable teeth
5adults with 1+ caries
6adults with 1+caries/total number of adults x 100
7adults 25-35 years old  
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Table 6.15: Summary table of frequency dental caries in males in the Library site sample and 
European site samples 
Sample Country N
1
Obs.2 
Caries % caries3 N4 Obs5 Caries % caries6
Library Site Norway 770 40 5.2 66 21 31.8
Iberian Peninsula (Medieval) Spain 333 18 5.4 NA NA NA
Pleidelsheim Germany 698 57 8.2 41 28 68.3
Nusplingen Germany 917 81 8.8 54 34 63.0
Wharram Percy U.K. (England) 2095 205 9.8 117 79 67.5
Nin Croatia 392 43 11.0 NA NA NA
Nova Rača Croatia 404 50 12.4 NA NA NA
Ðakovo Croatia 312 40 12.8 NA NA NA
Vicenne-Campochiaro Italy 746 105 14.1 NA NA NA
Raunds Furnells U.K. (England) 1086 173 15.9 NA NA NA
Quadrella Italy 511 94 18.4 26 22 84.6
Iberian Peninsula (Modern) Spain 382 80 20.9 NA NA NA
Smorkullen Sweden 900 422 46.9 44 42 95.5
Thjodhild's Church Greenland NA NA NA 46 0 0.0
Kastella7 Crete NA NA NA 15 2 13.3
Haffjarðarey7 Iceland NA NA NA 7 1 14.3
Eleutherna7 Crete NA NA NA 52 8 15.4
Viðey7 Iceland NA NA NA 17 3 17.6
Jutland Denmark NA NA NA 138 57 41.3
Nidaros Cathedral Norway NA NA NA 20 13 65.0
Požega Cathedral Croatia NA NA NA 65 47 72.3
1 Number of preserved teeth
2observed individual teeth with 1+ caries
3individual teeth with 1+ caries/total assessable teeth for category x 100
4Total number of individuals with observable teeth
5adults with 1+ caries
6adults with 1+caries/total number of adults x 100
7total number of individuals  
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Table 6.16: Summary table of frequency of dental caries in females in the Library site sample 
and European site samples 
Sample Country N
1 Obs.2 Caries % caries3 N4 Obs5 Caries % caries6
Library Site Norway 958 29 3.0 86 17 19.8
Iberian Peninsula (Medieval) Spain 295 13 4.4 NA NA NA
Pleidelsheim Germany 981 48 4.9 47 25 53.2
Nusplingen Germany 879 63 7.2 52 30 57.7
Raunds Furnells U.K. (England) 711 52 7.3 NA NA NA
Nova Rača Croatia 361 32 8.9 NA NA NA
Ðakovo Croatia 253 25 9.9 NA NA NA
Wharram Percy U.K. (England) 2664 283 10.6 162 110 67.9
Quadrella Italy 495 69 13.9 28 20 71.4
Iberian Peninsula (Modern) Spain 319 46 14.4 NA NA NA
Smorkullen Sweden 716 346 48.3 39 35 89.7
Nin Croatia NA NA NA 21 9 42.9
Thjodhild's Church Greenland NA NA NA 28 0 0.0
Kastella7 Crete NA NA NA 8 0 0.0
Haffjarðarey7 Iceland NA NA NA 13 0 0.0
Eleutherna7 Crete NA NA NA 21 1 4.8
Viðey7 Iceland NA NA NA 11 1 9.1
Jutland Denmark NA NA NA 81 34 42.0
Nidaros Cathedral Norway NA NA NA 19 11 57.9
Požega Cathedral Croatia NA NA NA 39 30 76.9
1 Number of preserved teeth
2observed individual teeth with 1+ caries
3individual teeth with 1+ caries/total assessable teeth for category x 100
4Total number of individuals with observable teeth
5adults with 1+ caries
6adults with 1+caries/total number of adults x 100
7total number of individuals  
6.4 Results - ante-mortem tooth loss (AMTL) 
This section will summarise the frequencies of ante-mortem tooth loss (AMTL) across the 
Library site sample (Phases A, B and C), and within the individual phases (B and C) and 
compare frequencies of AMTL between phases and to other European samples. While 
AMTL is degenerative and associated with ageing populations, it has also been linked to 
other influences such as oral hygiene, dental caries, wear, deliberate removal and nutritional 
status (Lukacs 1995, White 2005, Lukacs 2007). Examinations into the frequencies of 
AMTL in the Library site sample not only demonstrate the occurence of this pathology 
within this population, but may also indicate the impact of certain factors on frequencies of 
AMTL, such as changes in diet or an increase in caries.  
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6.4.1 All phases (A, B, C) 
Table 6.17 summarises the frequencies of AMTL by sex and age for all phases of the 
sample. The overall frequency of AMTL for the adults at the Library site was 4.1%, with 
2.9% of male and 4.8% of female alveoli affected. The greatest frequency of AMTL 
appeared in old females (9.4%), whilst young females (1.4%) and young males (0.7%) both 
exhibited low frequencies. There were a greater frequency of AMTL in the mandible 
(5.3%) than the maxilla (2.7%) and in the posterior (4.9%) than the anterior alveoli (2.8%). 
 
Table 6.18 presents the results of pair-wise comparisons of sex and age interactions for 
AMTL across all phases of the Library site sample, derived from GLM analysis. As can be 
seen from Table 6.18, statistical modelling of the frequencies of AMTL demonstrated some 
statistically significant differences by age and sex. The higher frequency of AMTL in 
females was statistically significant (P = 0.028) when compared to males. Old adults had a 
significantly higher frequency of AMTL (6.8%, P = <0.001) when compared to young 
adults (1.1%). This pattern was also seen when comparing old and young females (P = 
<0.001) and old and young males (P = 0.004). Furthermore, older females had a 
significantly greater frequency of AMTL (P = 0.039) compared to older males. The 
difference between young adults by sex was not statistically significant (P = 0.225).  
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Table 6.17: Summary table of sex and age frequency of AMTL in all phases of the Library site sample 
N1 N2 ant/post
obs. AMTL 
ant/post
%AMTL 
ant/post N3 max/man
obs. AMTL 
max/man
%AMTL 
max/man
Total % 
AMTL
Female YA 1353 497/856 3/16 0.6/1.9 676/677 3/16 0.4/2.4 1.4
OA 890 327/563 19/65 5.8/11.5 391/499 27/57 6.9/11.4 9.4
?Adult 75 29/46 7/0 24.1/0.0 21/54 0/7 0.0/13.0 9.3
Subtotal 2318 853/1465 29/81 3.4/5.6 1088/1230 30/80 2.8/6.6 4.8
Male YA 845 308/537 2/4 0.6/0.7 393/452 3/3 0.8/0.7 0.7
OA 720 274/446 3/23 1.1/5.2 326/394 8/18 2.5/4.6 3.6
?Adult 31 13/18 6/9 46.2/50.0 6/25 3/12 50.0/48.0 48.4
Subtotal 1596 595/1001 11/36 1.8/3.6 725/871 14/33 1.9/3.8 2.9
?Sex YA 320 101/219 0/10 0.0/4.6 153/167 9/1 5.9/0.6 3.1
OA 164 60/104 1/4 1.7/3.8 58/106 2/3 3.4/2.8 3.0
?Adult 30 8/22 4/7 50.0/31.8 2/28 0/11 0.0/39.3 36.7
Subtotal 514 169/345 5/21 2.8/5.8 213/301 11/15 4.9/4.7 4.8
TOTAL 4428 1617/2811 45/138 2.8/4.9 2026/2402 55/128 2.7/5.3 4.1
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli  
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Table 6.18: Summary table of AMTL associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in all phases derived from generalised linear modelling 
Variable % AMTL P
1
Sex F 4.6
M 2.0
Age YA 1.1
OA 6.8
Sex*Age F YA 1.4
OA 9.4
M YA 0.7
OA 3.6
Age*Sex YA F 1.4
M 0.7
OA F 9.4
M 3.6
F: female; M: male; YA: young adult; OA: old adult; 
AMTL: ante-mortem tooth loss
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
Category
0.225
0.039
<0.001
0.004
0.028
<0.001
 
6.4.2 Phase B 
A summary of frequencies of AMTL by sex and age for Phase B of the Library site sample 
is presented in Table 6.19. Overall, 4.4% of assessable alveoli exhibited AMTL, including 
3.1% of male alveoli and 4.7% of female alveoli. The majority of tooth loss was located 
posteriorly (6.0%). Tooth loss occurred in both the maxilla (3.6%) and mandible (5.1%). 
Young males did not exhibit any evidence of AMTL. Old females had the highest 
frequency of AMTL at 10.4%.  
 
Table 6.20 presents the results of pair-wise comparisons of sex and age interactions for 
AMTL in Phase B of the Library site sample, derived from GLM analysis. There was a 
statistically significant difference between frequencies of AMTL in males (4.7%) and 
females (1.1% P = <0.001) and the frequency in old adults compared to young adult alveoli 
(P = <0.001). There was a marked difference between old (10.4%) and young females 
(1.2%), confirmed by statistical modelling (P = <0.001). The difference between old 
females (10.4%) and old males (2.5%) was close to significance (P = 0.055). 
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Table 6.19: Summary table of sex and age frequency of AMTL in Phase B of the Library site sample 
N1 N2 ant/post
obs. AMTL 
ant/post
%AMTL 
ant/post N3 max/man
obs. AMTL 
max/man
%AMTL 
max/man
Total % 
AMTL
Female YA 829 310/519 1/9 0.2/1.7 420/409 1/9 0.2/2.2 1.2
OA 509 182/327 7/46 3.8/14.1 212/297 22/31 10.4/10.4 10.4
?Adult 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0.0
Subtotal 1338 492/846 8/55 1.7/6.6 632/706 23/40 3.7/5.8 4.7
Male YA 401 152/249 0/0 0.0/0.0 184/217 0/0 0.0/0.0 0.0
OA 319 119/200 0/8 0.0/4.0 143/176 1/7 0.7/4.0 2.5
?Adult 31 13/18 6/9 46.2/50.0 9/22 3/12 33.3/54.5 48.4
Subtotal 751 284/467 6/17 2.1/3.6 336/415 4/19 1.4/4.1 3.1
?Sex YA 74 19/55 0/9 0.0/16.4 34/40 9/0 26.5/0.0 12.2
OA 73 27/46 0/1 0.0/2.2 27/46 1/0 3.7/0.0 1.4
?Adult 6 0/6 0/3 0.0/50.0 2/4 0/3 0.0/75.0 50.0
Subtotal 153 46/107 0/13 0.0/12.1 63/90 10/3 15.9/3.3 8.5
TOTAL 2242 822/1420 14/85 1.7/6.0 1031/1211 37/62 3.6/5.1 4.4
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli  
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Table 6.20: Summary table of AMTL associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase B derived from generalised linear modelling 
Variable % AMTL P
1
Sex F 4.7
M 1.1
Age YA 0.8
OA 7.4
Sex*Age F YA 1.2
OA 10.4
M YA 0.0
OA 2.5
Age*Sex YA F 1.2
M 0.0
OA F 10.4
M 2.5
F: female; M: male; YA: young adult; OA: old adult; 
AMTL: ante-mortem tooth loss
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
Category
0.710
0.055
<0.001
0.687
<0.001
<0.001
 
6.4.3 Phase C 
A summary of frequencies of AMTL by sex and age in Phase C of the sample is presented 
in Table 6.21. Overall, 4.0% of alveoli were affected by AMTL, with both anterior (4.1%) 
and posterior (4.0%) teeth affected. A greater number of mandibular alveoli were affected 
by AMTL (5.7%) than the maxilla (2.0%). Females had a greater frequency of AMTL 
(5.3%) than males (2.9%). Both sexes had higher frequencies of AMTL in the old adult 
groups. 
 
Table 6.22 presents the results of pair-wise comparisons of sex and age interactions for 
AMTL in Phase C of the Library site sample, derived from GLM analysis. As expected, 
given the degenerative nature of AMTL, there was a significantly greater frequency of 
AMTL amongst older adults (6.5%, P = 0.011) compared to young adults (1.7%). The 
difference between frequencies of AMTL in young females (1.9%) and old females (8.9%) 
was also close to significance (P = 0.057).  
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Table 6.21: Summary table of sex and age frequency of AMTL in Phase C of the Library site sample 
N1 N2 ant/post
obs. AMTL 
ant/post
%AMTL 
ant/post
N3 
max/man
obs. AMTL 
max/man
%AMTL 
max/man
Total % 
AMTL
Female YA 465 168/297 2/7 1.2/2.4 222/243 2/7 0.9/2.8 1.9
OA 350 134/216 12/19 8.9/8.8 149/201 5/26 3.3/12.9 8.9
?Adult 75 29/46 7/0 24.1/0.0 21/54 0/7 0.0/13.0 9.3
Subtotal 890 331/559 21/26 6.3/4.7 392/498 7/40 1.8/8.0 5.3
Male YA 425 154/271 2/4 1.3/1.5 200/225 3/3 1.5/1.3 1.4
OA 401 155/246 3/15 1.9/6.1 182/219 7/11 3.8/5.0 4.5
?Adult 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0.0
Subtotal 826 309/517 5/19 1.6/3.7 382/444 10/14 2.6/3.2 2.9
?Sex YA 246 82/164 0/1 0.0/0.6 110/136 0/1 0.0/0.7 0.4
OA 91 33/58 1/3 3.0/5.2 30/61 1/3 3.3/4.9 4.4
?Adult 24 8/16 4/4 50.0/25.0 0/24 0/8 0.0/33.3 33.3
Subtotal 361 123/238 5/8 4.1/3.4 140/221 1/12 0.7/5.4 3.6
TOTAL 2077 763/1314 31/53 4.1/4.0 914/1163 18/66 2.0/5.7 4.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli  
 
147 
 
Table 6.22: Summary table of AMTL associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase C derived from generalised linear modelling 
Variable % AMTL P
1
Sex F 4.9
M 2.9
Age YA 1.7
OA 6.5
Sex*Age F YA 1.9
OA 8.9
M YA 1.4
OA 4.5
Age*Sex YA F 1.9
M 1.4
OA F 8.9
M 4.5
F: female; M: male; YA: young adult; OA: old adult; 
AMTL: ante-mortem tooth loss
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
Category
0.627
0.307
0.057
0.089
0.278
0.011
 
6.4.4 Phase B and Phase C comparisons 
Table 6.23 presents the results of pair-wise comparisons of phase, sex and age interactions 
for AMTL by alveoli count, derived from GLM analysis. This indicates that there were no 
significant differences across the phases for frequencies of AMTL.  
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Table 6.23: Summary table of AMTL associated with the pair-wise comparisons (p-values) of 
the interactions of sex and phase and age and phase derived from generalised linear modelling 
Variable % AMTL P
1
Phase B 3.4
C 3.9
Sex*Phase F B 4.7
C 4.9
M B 1.1
C 2.9
Age*Phase YA B 0.8
C 1.7
OA B 7.4
C 6.5
Sex*Age*Phase FYA B 1.2
C 1.9
FOA B 10.4
C 8.9
MYA B 0.0
C 1.4
MOA B 2.5
C 4.5
F: female; M: male; YA: young adult; OA: old adult; 
AMTL: ante-mortem tooth loss; B: Phase B; C: Phase C
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
Category
0.702
0.923
0.344
0.765
0.737
0.765
0.453
0.070
0.144
 
6.4.5 Comparisons to European site samples 
Tables 6.24 to 6.26 summarise the frequencies of AMTL in adult dentition from the 
Library site and European samples. Individual counts for AMTL were not included, as the 
majority of data published only referred to AMTL by alveoli count. As summarised by 
Table 6.24, the Library site sample exhibited one of the lowest frequencies for AMTL 
(4.1%) second only to Gothenburg (2.8%) and followed by Aberdeen (4.8%). Most 
frequencies of AMTL in the samples ranged from just below 10.0% up to 20.0% of alveoli 
affected. The notable exceptions to this were the modern sample from the Iberian 
Peninsula, with 40.3% of alveoli affected and the sample from Vienna (23.8%). Tables 6.25 
and 6.26 summarise the frequencies of AMTL in these samples for males and females. The 
majority of samples did not exhibit any differences related to sex. In the modern Iberian 
Peninsula sample, males had a greater frequency of AMTL. The frequency of AMTL in 
females in the sample from Požega Cathedral (30.6%) was twice that of males (13.7%).  
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Table 6.24: Summary table of total frequency of AMTL in the Library site sample and European 
site samples 
Sample Country N
1 obs. AMTL % AMTL
Gothenburg Sweden 1997 55 2.8
Library Site, Trondheim Norway 4428 183 4.1
Aberdeen U.K. (Scotland) 1246 60 4.8
Vilarnau d'Amont France 1822 121 6.6
Thjodhild's Church Greenland 1480 101 6.8
Iznik Turkey 740 51 6.9
Bijelo Brdo Croatia 1350 99 7.3
Smörkullen Sweden 2433 214 8.8
Whithorn U.K. (Scotland) 9904 895 9.0
Nusplingen Germany 3239 389 12.0
Pleidelsheim Germany 2160 301 13.9
Iberian Peninsula (Medieval) Spain 1697 239 14.1
Christ Church U.K. (England) 2086 314 15.1
Wharram Percy U.K. (England) 7195 1120 15.6
St Helen-on-the-walls U.K. (England) 9517 1711 18.0
Požega Cathedral Croatia 2899 567 19.6
Vienna Austria 3649 869 23.8
Iberian Peninsula (Modern) Spain 4813 1940 40.3
AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli  
 
Table 6.25: Summary table of frequency of AMTL in males in the Library site sample and 
European site samples 
Sample Country N
1 obs. AMTL % AMTL
Library Site, Trondheim Norway 1596 56 3.5
Smörkullen Sweden 1179 93 7.9
Iberian Peninsula (Medieval) Spain 588 69 11.7
Pleidelsheim Germany 896 118 13.2
Nusplingen Germany 1517 204 13.4
Požega Cathedral Croatia 1891 259 13.7
Wharram Percy U.K. (England) 4126 692 16.8
Iberian Peninsula (Modern) Spain 1275 467 36.6
AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli  
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Table 6.26: Summary table of frequency of AMTL in females in the Library site sample and 
European site samples 
 
Sample Country N
1 obs. AMTL % AMTL
Library Site, Trondheim Norway 2318 110 4.7
Smörkullen Sweden 1055 110 10.4
Nusplingen Germany 1353 143 10.6
Iberian Peninsula (Medieval) Spain 488 57 11.7
Wharram Percy U.K. (England) 3058 427 14.0
Pleidelsheim Germany 1196 179 15.0
Iberian Peninsula (Modern) Spain 1320 397 30.1
Požega Cathedral Croatia 1008 308 30.6
AMTL: ante-mortem tooth loss; Obs.: observed
1number of preserved alveoli  
6.5 Results - alveolar defects of pathological origin  
This section will summarise the frequencies of alveolar defects of pathological origin 
(ADP) across all phases of the Library site sample (A, B and C), within the main individual 
phases (B and C) and compare frequencies of ADP between phases and to frequencies 
from other European samples. ADP can occur in individuals due to wear, dental caries and 
the impact of trauma (Clarke 1990, Buikstra and Ubelaker 1994). These lead to abscesses in 
the bone which then burst, and can be seen in morphological examinations of skeletal 
material. The examination of ADP in the Library site sample and comparisons to 
frequencies of this pathology in other samples can indicate the severity of dental caries and 
ante-mortem tooth loss which can in turn, illuminate the impact of factors such as poor 
diet and oral hygiene on the health of these populations. 
6.5.1 All phases (A, B, C) 
A summary of frequencies of ADP by sex and age for all phases of the sample is presented 
in Table 6.27. Female and male alveoli had similar frequencies of ADP at 2.1% and 2.9% 
respectively, with 2.3% of alveoli overall exhibiting ADP. Both old females (4.4%) and old 
males (5.7%) had higher frequencies of ADP than young females (0.6%) and young males 
(0.4%). There was also a greater frequency of ADP in the maxilla (3.2%) than the 
mandible (1.5%). 
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Table 6.27: Summary table of sex and age frequency of ADP in all phases of the Library site sample 
N1 N2 ant/post
obs. ADP 
ant/post
% ADP 
ant/post N3 max/man
obs. ADP 
max/man
% ADP 
max/man Total % ADP
Female YA 1353 497/856 3/5 0.6/0.6 676/677 6/2 0.9/0.3 0.6
OA 890 327/563 5/34 1.5/6.0 391/499 20/19 5.1/3.8 4.4
?Adult 75 29/46 0/1 0.0/2.2 21/54 0/1 0.0/1.8 1.3
Subtotal 2318 853/1465 8/40 0.9/2.8 1088/1230 26/22 2.4/1.8 2.1
Male YA 845 308/537 0/3 0.0/0.6 393/452 2/1 0.5/0.2 0.4
OA 720 274/446 10/31 3.6/7.0 326/394 30/11 10.9/2.5 5.7
?Adult 31 13/18 2/0 15.4/0.0 6/25 2/0 33.3/0.0 6.5
Subtotal 1596 595/1001 12/34 2.0/3.4 725/871 34/12 4.7/1.4 2.9
?Sex YA 320 101/219 0/4 0.0/1.8 153/167 4/0 2.6/0.0 1.3
OA 164 60/104 0/4 0.0/3.8 58/106 1/3 1.7/2.8 2.4
?Adult 30 8/22 0/0 0.0/0.0 2/28 0/0 0.0/0.0 0.0
Subtotal 514 169/345 0/8 0.0/2.2 213/301 5/3 2.2/0.9 1.5
TOTAL 4428 1617/2811 20/82 1.2/2.9 2026/2402 65/37 3.2/1.5 2.3
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; ADP: alveolar defects of pathological origin; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli  
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Table 6.28 presents the results of pair-wise comparisons of sex and age interactions for 
ADP across all phases of the Library site sample, derived from GLM analysis. The 
difference between the frequency of ADP in old (5.0%) compared to young adults (0.5%) 
was statistically significant (P = <0.001). Old females (4.4%) and old males (5.7%) had 
significantly higher frequencies of ADP when compared to young females (0.6%, P = 
<0.001) and young males (0.4%, P = <0.001) respectively. Frequencies of ADP in females 
(2.0%) and males (2.8%) exhibited no statistically significant difference (P = 0.335). 
6.5.2 Phase B 
A summary of the frequencies of ADP by sex and age for Phase B of the sample is 
presented in Table 6.29. Overall, 3.0% of alveoli in Phase B were affected by ADP, 
including 4.3% of male alveoli and 2.3% of female alveoli. Old males (9.1%) had the 
highest frequency of ADP, while the frequency of ADP in young adults of both sexes was 
relatively low.  
 
Table 6.30 presents the results of pair-wise comparisons of sex and age interactions for 
ADP in Phase B of the Library site sample, derived from GLM analysis. The frequency in 
old adults (6.6%) was significantly higher than young adults (0.5%, P = <0.001). There was 
also a significant difference between frequencies of ADP when comparing old females 
(5.1%) to young females (0.6%, P = <0.001) and old males (9.1%) to young males (0.2%, P 
= 0.018).  
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Table 6.28: Summary table of ADP associated with the pair-wise comparisons (p-values) of sex, 
age and interactions of sex and age in all phases derived from generalised linear modelling 
Variable % ADP P
1
Sex F 2.0
M 2.8
Age YA 0.5
OA 5.0
Sex*Age F YA 0.6
OA 4.4
M YA 0.4
OA 5.7
Age*Sex YA F 0.6
M 0.4
OA F 4.4
M 5.7
F: female; M: male; YA: young adult; OA: old adult; 
ADP: alveolar defects of pathological origin
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
0.474
Category
0.335
<0.001
<0.001
<0.001
0.366
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Table 6.29: Summary table of sex and age frequency of ADP in Phase B of the Library site sample 
N1 N2 ant/post
obs. ADP 
ant/post
% ADP 
ant/post N3 max/man
obs. ADP 
max/man
% ADP 
max/man Total % ADP
Female YA 829 310/519 3/2 1.0/0.4 420/409 4/1 1.0/0.2 0.6
OA 509 182/327 4/22 2.2/6.7 212/297 10/16 4.7/5.4 5.1
?Adult 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0.0
Subtotal 1338 492/846 7/24 1.4/2.8 632/706 14/17 2.2/2.4 2.3
Male YA 401 152/249 0/1 0.0/0.4 184/217 0/1 0.0/0.5 0.2
OA 319 119/200 9/20 7.6/10.0 143/176 23/6 16.1/3.4 9.1
?Adult 31 13/18 2/0 15.4/0.0 9/22 2/0 22.2/0.0 6.5
Subtotal 751 284/467 11/21 3.9/4.5 336/415 25/7 7.4/1.7 4.3
?Sex YA 74 19/55 0/1 0.0/1.8 34/40 1/0 2.9/0.0 1.4
OA 73 27/46 0/3 0.0/6.5 27/46 1/2 3.7/4.3 4.1
?Adult 6 0/6 0/0 0.0/0.0 2/4 0/0 0.0/0.0 0.0
Subtotal 153 46/107 0/4 0.0/3.7 63/90 2/2 3.2/2.2 2.6
TOTAL 2242 822/1420 18/49 2.1/3.4 1031/1211 41/26 4.0/2.1 3.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli
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Table 6.30: Summary table of ADP associated with the pair-wise comparisons (p-values) of sex, 
age and interactions of sex and age in Phase B derived from generalised linear modelling 
Variable % ADP P
1
Sex F 2.3
M 4.2
Age YA 0.5
OA 6.6
Sex*Age F YA 0.6
OA 5.1
M YA 0.2
OA 9.1
Age*Sex YA F 0.6
M 0.2
OA F 5.1
M 9.1
F: female; M: male; YA: young adult; OA: old adult; 
ADP: alveolar defects of pathological origin
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
0.194
Category
0.143
<0.001
<0.001
0.018
0.348
 
6.5.3 Phase C 
A summary of the frequencies of ADP by sex and age for Phase C of the sample is 
presented in Table 6.31. Overall, 1.7% of alveoli were affected by ADP. The frequencies of 
ADP in males (1.7%) and females (1.9%) were approximately the same. The highest 
frequencies of ADP were in the old adults of both sexes. There was a greater frequency of 
ADP in the maxilla (2.6%) than the mandible (0.9%), as well as in the posterior alveoli 
(2.5%) than the anterior (0.3%). 
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Table 6.31: Summary table of sex and age frequency of ADP in Phase C of the Library site sample 
N1 N2 ant/post
obs. ADP 
ant/post
% ADP 
ant/post N3 max/man
obs. ADP 
max/man
% ADP 
max/man Total % ADP
Female YA 465 168/297 0/3 0.0/1.0 222/243 2/1 0.9/0.3 0.6
OA 350 134/216 1/12 0.7/5.6 149/201 10/3 6.7/1.5 3.7
?Adult 75 29/46 0/1 0.0/2.2 21/54 0/1 0.0/1.9 1.3
Subtotal 890 331/559 1/16 0.3/2.9 392/498 12/5 3.1/1.0 1.9
Male YA 425 154/271 0/2 0.0/0.7 200/225 2/0 1.0/0.0 0.5
OA 401 155/246 1/11 0.6/4.5 182/219 7/5 3.8/2.3 3.0
?Adult 0 0/0 0/0 0.0/0.0 0/0 0/0 0.0/0.0 0.0
Subtotal 826 309/517 1/13 0.3/2.5 382/444 9/5 2.4/1.1 1.7
?Sex YA 246 82/164 0/3 0.0/1.8 110/136 3/0 2.7/0.0 1.2
OA 91 33/58 0/1 0.0/1.7 30/61 0/1 0.0/1.6 1.1
?Adult 24 8/16 0/0 0.0/0.0 0/24 0/0 0.0/0.0 0.0
Subtotal 361 123/238 0/4 0.0/1.7 140/221 3/1 2.1/0.5 1.1
TOTAL 2077 763/1314 2/33 0.3/2.5 914/1163 24/11 2.6/0.9 1.7
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; ant: anterior; post: posterior; 
max: maxilla; man: mandible; AMTL: ante-mortem tooth loss; obs: observed
1number of preserved alveoli
2number of preserved anterior/posterior alveoli
3number of preserved maxillary/mandibular alveoli  
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Table 6.32 presents the results of pair-wise comparisons of sex and age interactions for 
ADP in Phase C of the Library site sample, derived from GLM analysis. There was a 
significant difference between the age groups, with old adults (3.3%) exhibiting a 
significantly higher frequency of ADP than young adults (0.6%, P = 0.004). Old female 
alveoli had a significantly higher frequency of ADP (3.7%, P = 0.040) when compared to 
young female alveoli (0.6%), as did old male alveoli (3.0%, P = 0.050) when compared to 
young male alveoli (0.5%). There was no significant difference (P = 0.764) between the 
frequencies of ADP in female and male alveoli. 
 
Table 6.32: Summary table of ADP associated with the pair-wise comparisons (p-values) of sex, 
age and interactions of sex and age in Phase C derived from generalised linear modelling 
Variable % ADP P
1
Sex F 1.9
M 1.7
Age YA 0.6
OA 3.3
Sex*Age F YA 0.6
OA 3.7
M YA 0.5
OA 3.0
Age*Sex YA F 0.6
M 0.5
OA F 3.7
M 3.0
F: female; M: male; YA: young adult; OA: old adult; 
ADP: alveolar defects of pathological origin
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
0.732
Category
0.764
0.004
0.040
0.050
0.688
 
6.5.4 Phase B and Phase C comparisons 
Table 6.33 presents the results of pair-wise comparisons of sex, phase and age interactions 
for ADP, derived from GLM analysis. In contrast to analyses of dental caries both by tooth 
count and by individual, there were no significant differences between the phases for 
frequencies of ADP. Whilst frequencies of ADP generally appeared to be higher in Phase 
B, none of these differences were statistically significant. 
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Table 6.33: Summary table of ADP associated with the pair-wise comparisons (p-values) of the 
interactions sex and phase and age and phase derived from generalised linear modelling 
Variable % ADP P
1
Phase B 3.0
C 1.8
Sex*Phase F B 2.3
C 1.9
M B 4.2
C 1.7
Age*Phase YA B 0.5
C 0.6
OA B 6.6
C 3.3
Sex*Age*Phase FYA B 0.6
C 0.6
FOA B 5.1
C 3.7
MYA B 0.2
C 0.5
MOA B 9.1
C 3.0
F: female; M: male; YA: young adult; OA: old adult; 
ADP: alveolar defects of pathological origin; B: Phase B; C: Phase C
1p -value; bold numbers indicate significance; significance 
is considered as values ≤0.05
Category
0.139
0.695
0.077
0.522
0.451
0.076
0.784
0.080
0.784
 
6.5.5 Comparisons to European site samples 
Tables 6.34 to 6.36 summarise the frequencies for ADP in adult dentition from the Library 
site and comparative European samples. As it was important to provide the maximum 
amount of comparative data for analysis, data for both tooth/alveolus and individual count 
were included in the case of ADP. Comparisons of frequencies of ADP amongst the 
samples were difficult, due to a lack of extensive data pertaining to this pathology. As 
demonstrated by Table 6.34 which summarises overall ADP, the frequency of ADP by 
alveoli count in the Library site sample appeared to be low comparatively at 2.3%, with 
other frequencies ranging from 1.1% (Quadrella) to 13.5% (Nin). The lowest frequencies 
exhibited were all below 2.0% in the samples from Nusplingen (1.2%), Pleidelsheim (1.4%) 
and St Helen-on-the-Walls (1.2%). The Croatian samples collectively had the highest 
frequencies of ADP by alveoli.  
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The individual frequency of ADP from the Library site sample (21.1%) sat within a small 
group of samples with frequencies around 20.0%, which included Pleidelsheim (24.0%), 
Viðey (24.0%) and Nidaros Cathedral (20.0%). Wharram Percy had the highest individual 
frequency of ADP at 56.3%, whilst the samples from Sourtara Galaniou Kozanis and 
Eleutherna had very low frequencies comparatively at 1.8% and 2.0% respectively.  
 
Frequencies of ADP in males and females are summarised in Tables 6.35 and 6.36. There 
were some differences in the samples by sex, although some of these particularly in relation 
to the samples from Haffjarðarey, Kastella and Eleutherna, should be viewed cautiously 
due to the small sample sizes. By alveoli count, males had greater frequencies of ADP at 
both Nova Râca (13.5%) and Ðakovo (17.4%) when compared to their female 
counterparts. This was also replicated by individual count at Quadrella, with males 
exhibiting a greater frequency of ADP (26.9%) than females (14.3%) (see Table 6.36). 
Conversely, at Pleidelsheim, females had a higher frequency of ADP by individual (21.7%) 
than males (13.4%). 
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Table 6.34: Summary table of total frequency of ADP in the Library site sample and European 
site samples 
Sample Country N
1 obs. ADP % ADP N2 obs. ADP3 % ADP
Quadrella Italy 1360 15 1.1 64 13 20.3
Nusplingen Germany 3239 38 1.2 128 15 11.7
St Helen-on-the-Walls U.K. (England) 9517 113 1.2 NA NA NA
Pleidelsheim Germany 2160 30 1.4 96 23 24.0
Library Site Norway 4428 102 2.3 180 38 21.1
Vilarnau d'Amont France 947 32 3.4 NA NA NA
Wharram Percy U.K. (England) 7195 478 6.6 277 156 56.3
Smörkullen Sweden 2433 193 7.9 89 41 46.1
Nova Rača Croatia 864 94 10.9 NA NA NA
Ðakovo Croatia 661 82 12.4 NA NA NA
Nin4 Croatia 1378 186 13.5 NA NA NA
Eleutherna Crete NA NA NA 100 2 2.0
Kastella Crete NA NA NA 35 4 11.4
Sourtara Galaniou Kozanis Greece NA NA NA 56 1 1.8
Haffjarðarey Iceland NA NA NA 15 7 46.7
Viðey Iceland NA NA NA 25 6 24.0
Nidaros Cathedral Norway NA NA NA 40 8 20.0
ADP: alveolar defects of pulpal origin; Obs.: observed
1number of preserved alveoli
2Total number of individuals with observable maxilla and/or mandible
3Number of individuals with ADP
4Individuals with ADP and/or AMTL
 
Table 6.35: Summary table of frequency of ADP in males in the Library site sample and 
European site samples 
Sample Country N
1 obs. ADP % ADP N2 obs. ADP3 % ADP
Nusplingen Germany 1517 16 1.1 59 12 20.3
Quadrella Italy 554 7 1.3 26 7 26.9
Pleidelsheim Germany 896 16 1.8 67 9 13.4
Library Site Norway 1596 46 2.9 66 14 21.2
Wharram Percy U.K. (England) 4126 309 7.5 161 94 58.4
Nova Rača Croatia 482 65 13.5 NA NA NA
Nin4 Croatia 795 111 14.0 NA NA NA
Ðakovo Croatia 380 66 17.4 NA NA NA
Eleutherna Crete NA NA NA 52 2 3.8
Kastella Crete NA NA NA 15 2 13.3
Viðey Iceland NA NA NA 17 4 23.5
Nidaros Cathedral Norway NA NA NA 20 7 35.0
Smörkullen Sweden NA NA NA 36 16 44.4
Haffjarðarey Iceland NA NA NA 7 5 71.4
ADP: alveolar defects of pulpal origin; Obs.: observed
1number of preserved alveoli
2Total number of individuals with observable maxilla and/or mandible
3Number of individuals with ADP
4Individuals with ADP and/or AMTL  
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Table 6.36: Summary table of frequency of ADP in females in the Library site sample and 
European site samples 
Sample Country N
1 obs. ADP % ADP N2 obs. ADP3 % ADP
Quadrella Italy 485 5 1.0 28 4 14.3
Nusplingen Germany 1353 15 1.1 52 11 21.2
Pleidelsheim Germany 1196 14 1.2 46 10 21.7
Library Site Norway 2318 48 2.1 86 20 23.3
Wharram Percy U.K. (England) 3058 168 5.5 115 61 53.0
Ðakovo Croatia 281 16 5.7 NA NA NA
Nova Rača Croatia 382 29 7.6 NA NA NA
Nin4 Croatia 583 75 12.9 NA NA NA
Eleutherna Crete NA NA NA 21 0 0.0
Nidaros Cathedral Norway NA NA NA 19 0 0.0
Kastella Crete NA NA NA 8 1 12.5
Haffjarðarey Iceland NA NA NA 13 2 15.4
Viðey5 Iceland NA NA NA 11 2 18.2
ADP: alveolar defects of pulpal origin; Obs.: observed
1number of preserved alveoli
2Total number of individuals with observable maxilla and/or mandible
3Number of individuals with ADP
4Individuals with ADP and/or AMTL  
6.6  Modelling of collective pathological lesions in the dentition of the European 
and Library site samples 
Multivariate analysis, specifically principal components analysis (PCA), was carried out on 
the frequencies of pathologies in the dentition and surrounding bone (see Chapter Four, 
section 4.9 for method). This was undertaken firstly in order to gauge whether there were 
any initial groupings of samples based on the inclusion of multiple variates, and secondly, 
to further illuminate both the similarities in frequencies of pathological lesions and thus 
samples, as well as the influence of these frequencies on the positions of the sites on the 
resulting graphs.  
 
Table 6.37 presents the results of correlations of the collective pathological lesions 
including caries by tooth count, caries by individual, ADP and AMTL, conducted through 
the PCA. Caries frequencies by tooth count, ADP by alveoli and AMTL were chosen for 
inclusion as they proved to have the least correlations to one another, based on the initial 
run of the model (See Table 6.37).  Figures 6.1, 6.2 and 6.3 and Table 6.38 demonstrate 
results of the altered PCA tests. Some groupings of the samples are clear both by site 
(Figure 6.3) and by country (Figure 6.4).   
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Table 6.37: Correlations (r2-values) of collective pathological lesions (caries by tooth, caries by 
individual, ADP by alveoli and AMTL) from the Library site sample and European site samples 
by principal component analysis 
% CT1 % IC
1
% AA1 % AMTL1
% CT 1.0000 0.5729 0.1460 0.1141
% IC 0.5729 1.0000 -0.0683 0.5744
% AA 0.1460 -0.0683 1.0000 0.6088
% AMTL 0.1141 0.5744 0.6088 1.0000
CT: caries by tooth; IC: individuals with caries; AA: ADP by alveoli; 
AMT: ante-mortem tooth loss
1indicates r 2-value; bold numbers indicate significance; significance is considered as
 values ≤‐0.5 or ≥0.5  
 
Table 6.38: Correlations (r2-values) of pathological lesions (caries by tooth, ADP by alveoli and 
AMTL) from the Library site sample and European site samples by principal component 
analysis 
% CT1 % AA1 % AMTL1
% CT 1.0000 0.1160 0.0380
% AA 0.1160 1.0000 -0.2362
% AMTL 0.0380 -0.2362 1.0000
CT: Caries by tooth; AMTL: ante-mortem tooth loss
AA: ADP by alveoli
1indicates r 2-value; bold numbers indicate significance; significance
 is considered as values ≤‐0.5 or ≥0.5  
 
 
Figure 6.1: Loading plot of collective pathological lesions (caries by tooth, ADP by alveoli and 
AMTL) from the Library site sample and European site samples by PCA 
% AMTL: % ante-mortem tooth loss; % CT: % caries by tooth; %AA: % ADP by alveoli 
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Figure 6.2: Score plot of collective pathological lesions (caries by tooth, ADP by alveoli and 
AMTL) by site from the Library site sample and European site samples by PCA 
 
 
Figure 6.3: Score plot of collective pathological lesions (caries by tooth, ADP by alveoli and 
AMTL) by country from the Library site sample and European site samples by PCA 
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The Library site sample generally had lower than average frequencies of pathological 
lesions in the dentition and surrounding bone when compared to the European samples. 
As Figure 6.2 demonstrates, the Library site sample sits away from the centre of the 
diagram and does not appear to be grouped with any other samples, or with its counterpart 
at Nidaros Cathedral. A number of groupings are notable in Figure 6.2, as indicated by the 
circles on the score plot. In the second quadrant, the samples from Turku and Vicenne-
Campochiaro overlap one another. The second grouping is at the centre of the plot and 
includes the samples from Wharram Percy, Raunds Furnells, Jutland, Korytiani and 
Nidaros. Finally, the samples from Eleutherna, Kastella, Messene, Sourtara Galaniou 
Kozanis and the medieval Iberian Peninsula samples are grouped together in the fourth 
quadrant. Most of the samples appear to be drawn more to the centre of the plot, but the 
modern Iberian Peninsula (J) sample is an outlier in the first quadrant. 
 
Figure 6.3 also demonstrates some groupings by country (as circled on the score plot). 
Three samples from Croatia, two samples from Scotland and the samples from Germany 
and Crete are all grouped together throughout the plot. Since the samples from Germany, 
Crete and two of the samples from Croatia (Nova Râca and Ðakovo) were assessed by the 
same authors, it cannot be discounted that these groupings are related to recording 
methods, rather than actual similarities in rates of pathological lesions in the dentition, 
irrespective of the observer. However, the two samples from Scotland and England were 
assessed by different observers.  
6.7  Discussion 
This examination into the oral health of the Library site sample and comparisons to data 
collected from other European samples aimed to broaden understanding of population 
health in medieval and early modern Europe. Specifically, examinations of pathological 
lesions of the dentition and surrounding bone aimed to provide insight into the health of 
the Library site sample, how the collective health of samples compared to one another, and 
what social, economic and environmental changes could have affected health in the Library 
site sample and others.  
 
Whilst typically the Library site sample appeared to have had average or below-average 
frequencies of pathological lesions when compared to other European populations, some 
interesting patterns across time and by sex and age were evident when assessing the sample 
in isolation. In addition, some groupings were evident in statistical assessments of the 
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pathological lesions of European samples, particularly in relation to specific countries, 
whilst a number of samples also demonstrated exceptionally high frequencies of lesions in 
the dentition. 
 
Any discussion of oral health must firstly be premised with an examination into the teeth 
and alveoli available for examination. Across the sample, 60.3% of posterior teeth and 
16.0% of anterior teeth were retained post-mortem. This is not unexpected, given the trend 
toward greater preservation of the posterior teeth, due to differences in crown and root 
morphology and the increased likelihood of post-mortem loss of anterior teeth (Erdal and 
Duyar 1999, Roberts and Manchester 2007). Given the predominance of posterior teeth in 
the sample, this may well be skewing the data collected in favour of pathological lesions 
that occur more commonly in the posterior teeth, such as dental caries. This would also 
serve to reduce the number of other abnormalities usually apparent in anterior teeth, such 
as linear enamel hypoplasia, which will be discussed in the following chapter. As Erdal and 
Duyar (1999) point out, the loss of anterior teeth, which are generally more resistant to 
caries effectively increases the total caries frequency in a population. However, given the 
already low frequency of caries within this group, and that the evidence for subsistence in 
Norway during this period points to a diet fairly typical of this period for Europe, 
particularly the reliance on carbohydrates for daily energy intake (Dyer 1983, Gaunt 1998, 
Orrman 2003, Adamson 2004, Yoder 2010), it seems unlikely that this issue considerably 
affected carious lesion frequencies in the Library site sample. The presence of calculus on a 
number of teeth has also served to impede observation for a number of pathological 
lesions, such as LEH and dental caries. 
 
Examinations of pathological lesions in the dentition and surrounding bone will be 
discussed below in the context of environmental and social factors, as well as climatic and 
economic change occurring over the periods from which the European samples are dated. 
In the case of the Library site sample, large scale social, economic and environmental 
change occurred from the 13th through to the 18th centuries, as has been detailed in Chapter 
Two. The impact of these events along with other social variables such as diet, economic 
status and settlement type will be considered where the evidence suggests an external cause 
to differing frequencies of lesions in a particular sample population.   
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6.7.1 Calculus 
The accumulation of calculus on the labial surface of teeth is very common in the 
archaeological record, and results from the mineralisation of bacterial plaque, partly 
composed from microorganisms and partly derived from protein in the saliva (Hillson 
1986). Those teeth closest to the salivary glands and the lingual and buccal surfaces are the 
most highly predisposed to supragingival and subgingival calculus (Hillson 1996). A 
number of factors can be linked to changes in frequencies of calculus; these include the 
oral environment, cultural practices and diet (Lieverse 1999).  
 
Frequencies of calculus across time at the Library site sample were fairly consistent. The 
pattern in Phase C was fairly typical, with higher frequencies in older adults when 
compared to their younger counterparts. However, in Phase B, in both sexes, frequencies 
of calculus were far higher in the younger adult groups. This is contrary to the expected 
trend of increased calculus accumulation with age. This could be linked to the adoption of 
more effective oral hygiene practices during Phase C. Poor diet quality has also been linked 
to an increase in calculus deposits (Al-Zahrani et al. 2003) and changes in diet could be 
affecting frequencies of calculus accumulation in the younger adult groups of Phase B. It is 
also possible that this difference may be related to post-mortem loss due to curation 
techniques. However, given that the majority of work undertaken on the teeth has been 
conducted by a single research group (Beyer-Olsen 1989, Beyer‐Olsen and Risnes 1993, 
Beyer-Olsen et al. 1994, Beyer-Olsen and Risnes 1994, Beyer-Olsen and Alexandersen 
1995), assessing teeth from both phases, it would seem unlikely that this was a considerable 
factor. Finally, this difference may be the result of selectivity, with individuals dying at a 
younger age also presenting with higher frequencies of calculus. This would be even more 
plausible if changes in the dentition, such as the build up of calculus, were linked to poor 
health. However, given that calculus is generally as a result of diet or hygiene practices, it is 
difficult to justify such a hypothesis from this result. Having said that, given, as discussed 
above, that calculus can be linked to poor diet quality, this may be connected to the 
shortened life span of these individuals. This will also be discussed in the context of greater 
frequencies of carious lesions in young adults when compared to old adults.  
 
Female dentition had slightly higher frequencies of calculus, both within and across all 
phases of the site. Unfortunately, the majority of European samples included here for 
comparison did not include data on levels of calculus, or if it was included, details of sex or 
age-specific frequencies of calculus were not specified. The exceptions to this were the 
167 
 
samples from Eleutherna, Kastella, Germany and Wharram Percy. Frequencies for these 
samples were published only by individual rather than tooth count, and it was unclear from 
published information on the samples from Crete how many individuals had teeth 
observable for assessment. There was no evidence for sex differentiation in calculus 
deposits at Wharram Percy. In the samples from Nusplingen and Pleidelsheim, females 
exhibited a slightly higher frequency of calculus deposits by individual (Jakob 2009). Pooled 
calculus results also reflected this trend for the German, but not British, samples (Jakob 
2009). Males in the Library site sample may have had slightly better oral hygiene practices 
than females but it seems unlikely that they were markedly different. These differences 
could also have been due to dietary differences, which will be further explored in relation 
to dental caries. 
6.7.2 Dental caries 
Analyses for the presence of carious lesions in the Library site sample and comparisons to 
European samples revealed a number of expected patterns, such as the high frequency in 
posterior teeth and greater frequencies in samples subsisting on high carbohydrate diets. 
However, the unexpected greater frequency of carious lesions in males and young adults 
during Phase C of the site and the increased frequency of caries over time and differences 
across geographical locations were of particular interest. These shall be discussed and 
analysed below.   
 
Patterns of caries in the Library site sample 
Across the Library site sample, it is clear that there is a tendency for lesions to occur in the 
posterior teeth, with no instances of dental caries recorded in the anterior teeth. This is to 
be expected as caries in molars and premolars are more common generally, with these 
often beginning in the crevices of the occlusal surfaces (Ortner 2003). Hillson (2001) 
suggests that in modern populations with high-sugar diets and low frequencies of caries, 
lesions in the fissures and pits of molar teeth are the most commonly occurring carious 
lesions, with lesions in the anterior teeth more common in populations with high levels of 
caries. This is also directly related to reduced occlusal surface wear related to the 
consumption of softer and more highly refined carbohydrates, which increases the 
likelihood of bacteria aggregating in the caries-prone areas of the molars and premolars 
(Maat and Van der Velde 1987, Hillson 1996, Schollmeyer and Turner 2004). The pattern 
of caries commonly occurring in the posterior teeth, particularly where there are lower 
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levels of wear and a high sugar or soft carbohydrate diet, and an increase in cervical and 
root caries with wear (and predictably, age) is common in the archaeological record (Powell 
1988, Kelley et al. 1991, Larsen et al. 1991, Moore 1993). Therefore, the pattern presented 
by the Library site sample for higher frequencies in posterior teeth is not unexpected. 
The effect of sex on dental caries 
Males and females within the Library site sample had fairly similar frequencies of carious 
lesions by tooth count when including adults of unknown age. However, once only aged 
and sexed individuals were included for statistical comparisons, disparities between the 
sexes became more obvious. There was a significant difference in the frequencies of caries 
between males and females across the sample, with males exhibiting a higher frequency of 
caries. A greater number of male individuals were also affected by carious lesions,  
approximately 10.0% more than females. When the data was divided into phases 
frequencies between the sexes were similar in Phase B, although the frequency in males was 
once again higher, but not significantly so. During Phase C, male individuals had a 
frequency double that of females, with 51.4% of males affected by carious lesions, 
compared to 25.7% of females, though the difference by tooth count was not statistically 
significant (see Table 6.12).  
 
This observed difference is unexpected and unusual in the bioarchaeological record. Most 
examinations into dental caries in bioarchaeology support the notion that the common 
pattern is for greater frequencies of carious lesions in females (Kelley et al. 1991, Larsen et 
al. 1991, Larsen 1998, Roberts and Cox 2003, Lukacs and Largaespada 2006, Lukacs 2008, 
Malčić et al. 2011, Willis and Oxenham 2013). The pattern of dental caries in modern 
populations is also consistent with a tendency for higher frequencies in female individuals 
(Lukacs 2011).  
 
Historically, bioarchaeologists and clinicians have contextualised these differences in terms 
of behavioural modifications such as dietary habits, differential consumption of nutrients, 
access of males to higher status foods, such as meat, and the role of women in preparing 
food and thus, their greater access to certain foodstuffs (Kelley et al. 1991, Larsen 1998, 
Roberts and Cox 2003, Lukacs 2011). While dental caries is classified as an infectious 
disease, there are also a number of biological factors that can effect occurrence and 
frequency of carious lesions, such as inadequate salivary flow, presence of bacteria, host 
susceptibility, developmental defects of enamel, genetic factors and risk factors in-utero 
(Seow 1998, Peres et al. 2005, Selwitz et al. 2007). The role of saliva and the salivary 
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secretory Immunoglobulin A (IgA) is well known, with the antibody providing immune 
defence against caries and the saliva buffering against acids, clearing away fermentable 
carbohydrates and assisting in re-mineralisation of the teeth (Seow 1998, Gussy et al. 2006). 
In addition, developmental defects of the teeth have also been connected to increased 
caries risk. The study conducted by Nicolau et al. (2003) somewhat supported the idea that 
dental caries experience is 'biologically programmed' in that a mother's health, birth weight, 
premature birth and so on can affect the an individual's predisposition to dental caries in 
later life.  
 
A number of biological factors are now also considered important in discussions of the sex 
distribution of caries. Such biological factors predisposing women to caries include genetic 
differences, such as the relationship between X chromosome genes with saliva flow and 
diet preference, a less protective oral environment in females and physiological and 
biological factors, including the early eruption of female teeth, the menstrual cycle, 
hormones and pregnancy (Legler and Menaker 1980, Larsen et al. 1991, Rugg-Gunn and 
Nunn 1999, Hillson 2001, Lukacs 2008, Ferraro and Vieira 2010, Oxenham and Domett 
2011, Willis and Oxenham 2013). However, the evidence for increased caries rates in 
females due to early eruption of the teeth does not appear so unequivocal (Hillson 2001, 
Ferraro and Vieira 2010).  
 
Lukacs and Largaespada (2006) point to a considerable quantity of recent research that 
indicates that the biochemical composition and flow rate of saliva varies significantly 
between sexes, and that oestrogen levels play a prominent role in oral health. The authors 
quote numerous studies that have demonstrated a positive correlation between oestrogen 
and carious lesions, with the same not being true for androgen (Lukacs and Largaespada 
2006). Oestrogen has also been posited as an important factor in caries risk, due to its 
effect of reducing salivary flow (Percival et al. 1994). This is particularly seen with the onset 
of pregnancy having a negative effect on oral health. Research by Eliasson et al. (2006) 
found a significant decrease in mean saliva secretion rates in pregnant women, thus 
potentially leading to increased suscepbtibility to caries. Thus, the fluctuation of oestrogen 
during this period can result in changes to the environment of the mouth (Hillson 2001, 
Ferraro and Vieira 2010). Ferraro and Vieira (2010) have also utilised the research of 
Deeley et al. (2008) to discuss the role of the Amelogenin gene on the X chromosome as a 
factor contributing to increased in caries in females. The enamel matrix of teeth consists of 
90% of amelogenin protein, so a deletion or mutation in the gene could lead to disruption 
of enamel formation and thus, increased caries risk.  
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For these reasons, the sex distribution of caries in the Library site sample was unforeseen. 
In archaeological samples, greater frequencies of caries in females are commonly expected, 
whilst the converse is considered to be rare in adult individuals (Lukacs and Largaespada 
2006, Lukacs 2008, Larsen 2015). However, within the European comparison samples 
alone, a number of populations had no sex difference or greater levels of carious lesions in 
males. The samples from Raunds Furnells, Vienna, Vilarnau d'Amont, Smörkullen and the 
medieval sample from the Iberian Peninsula all lacked any obvious sex differences in 
relation to frequencies of carious lesions (Powell 1996, Esclassan et al. 2009, Meinl et al. 
2010, Lopez et al. 2012, Liebe‐Harkort 2012a). Male individuals from the Eleutherna 
sample exhibited a higher level of caries when compared to females (Bourbou 2003). In the 
Spanish samples, the frequencies of carious lesions between the sexes remained fairly 
constant until the modern period, when it is hypothesised that social changes, including the 
greater power of the Catholic church in excluding women from dental care, contributed to 
heightened frequencies amongst females (Lopez et al. 2012).  
 
In the case of the Library site sample, subsistence is one factor that may be influencing the 
frequency of caries in the male population. Jakob (2009) has suggested that in the 
Nusplingen and Pleidelsheim samples, access to alcoholic beverages high in sugar could 
have caused imbalances in caries frequencies between the sexes. Sugars in the diet, 
including in complex carbohydrates, act as a main source of substrate for bacteria in the 
mouth that then leads to carious lesions (Legler and Menaker 1980). A higher status diet 
afforded to males would have led to greater access to protein, but also to honey and fruit. 
Frequencies of carious lesions in males can be higher, as diets rich in carbohydrates were 
more often a privilege of male individuals (Lopez et al. 2012). As cane sugar was not 
available until after the 12th century, and only generally established in European diets by the 
16th and 17th centuries (Roberts et al. 1998, Roberts and Manchester 2007), and the same for 
beet sugar, which was not widely in use until the 19th century (following its discovery by 
Professor Andreas Marggraf in AD 1747), it seems unlikely that consumption of sucrose 
would have led to an increase in caries for males in the period prior to the 17th century. 
Moreover, considering the low cariogenic qualities of fruit (Rugg-Gunn and Nunn 1999), it 
is also unlikely that a small increase in fresh fruit consumption could have led to this 
disparity. However, it does remain likely that some difference in dietary habits, whether 
from differential access to alcohol or other highly cariogenic foodstuffs, such as honey, has 
led to heightened frequencies of caries in males in the Library site sample. 
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Lower frequencies of caries in females may also be attributable to the consumption of 
foods that better promoted saliva production. Alternatively, men could have been 
consuming foodstuffs detrimental to saliva production. Despite the suggestion that 
women's saliva is less protective than males and is thus a contributing factor to the greater 
prevalence of caries in females (Ferraro and Vieira 2010), any reduction in saliva, regardless 
of sex, can also be harmful. Saliva is vitally important in removing plaque acids and clearing 
dietary substrates, amongst other things, and reduced saliva can lead to rapid progression 
of carious lesions (Rugg-Gunn and Nunn 1999). Mildly abrasive and foods high in citric 
acids can promote saliva production, just as alcohol and salty foods can cause a decrease in 
production. As previously stated, high-sugar alcohol could have contributed to increased 
frequencies of carious lesions in males in the Library site sample, if males had greater 
access to alcohol. Given that alcohol can also decrease saliva production, this is a 
potentially important factor contributing to differential frequencies of caries between the 
sexes. While historical evidence suggests that women partook in the consumption of 
alcohol as part their everyday diet, there is evidence to suggest differential consumption 
between the two sexes, with males consuming greater quantities (Lynn 2001). This may 
have been the case in the Library site sample, though there is no definitive evidence to 
confirm this hypothesis.  
 
The location of lesions in the male dentition in the Library site sample may also give some 
indication as to the contributing cause. Whilst the majority of caries in females from the 
Library site sample are located on the occlusal surface, carious lesions in males are split 
approximately evenly between the occlusal surface and pit, a pattern replicated at the 
archaeological site of Moundville (Powell 1988). The pits of the teeth are the most 
common place where plaque accumulates (Larsen 2015). It is possible that men were 
consuming something that women did not have access to, which increased the level of 
caries through the accumulation of plaque.  
 
Plaque generally accumulates more quickly in the presence of sucrose in the diet (Roberts 
and Manchester 2007) and has been found to be significantly associated with poor diet 
quality (Al-Zahrani et al. 2003). These factors could be contributing to an increase of plaque 
accumulation in male individuals and thus, a greater frequency of pit caries and caries in 
general. However, it is also accepted that calculus accumulation is facilitated by an alkaline 
environment, which can be caused by a diet high in protein, but also a loss in carbon 
dioxide from saliva and an increase in the production of ammonia (Walker and Erlandson 
1986, Lieverse 1999).   
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The impact of the introduction of tobacco to Europe on differential frequencies of plaque 
must also not be discounted. Tobacco was introduced to Europe in the very late 15th and 
early 16th centuries by explorers returning from the Americas, and was widespread and 
commonly imported by the 17th century. By AD 1570 tobacco was being grown on a small 
scale in Belgium, Spain, Italy, Switzerland and England (Kiernan 1991, Goodman 1993). 
Tobacco is well known to have a detrimental effect on levels of calculus (Bastiaan and 
Waite 1978, Bergström 1999). However, it would be expected, given that tobacco was only 
popularised in the 17th century and, only reached England in the mid to late 16th century 
(Burns 2006), that the difference between males and females would be most prominent in 
Phase C and even then, not particularly considerable. However, this is not the case, with 
the largest discrepancy between the sexes in Phase B, compared to Phase C where 
frequencies of calculus between males (29.6%) and females (30.6%) were similar. Therefore 
it appears unlikely that the introduction of tobacco had a strong impact on differential 
calculus frequencies. The difference in locations of caries may therefore be related to 
different oral hygiene practices between the sexes, or, the consumption of foods that 
helped to clear plaque from the pits of female dentition. 
 
As caries is a multifactorial disease it is difficult to pinpoint the cause for this imbalance 
between the sexes. Factors other than diet also need to be considered when assessing the 
different frequencies of caries between the sexes, such as individual physiological variation, 
cultural practices and the influence of surrounding oral fluids on levels of calculus (Lieverse 
1999). Nonetheless, as is commonly suggested in the bioarchaeological record for other 
examinations of oral health, it would appear that differences in dietary choices may have 
been the predominant factor in this disparity.  
 
The effect of age and phase on dental caries 
Results comparing the frequencies of carious lesions between the phases demonstrated a 
significantly higher frequency of caries in the sample from Phase C compared to Phase B. 
In addition, across the sample and in Phase C, the frequency of caries by tooth count was 
consistently higher in young adults. Phase B had the expected higher frequencies of caries 
in old adults. Given that caries is a progressive disease, the pattern across the sample, and 
specifically for Phase C, does not appear to fit in with existing theories of the nature of 
carious lesions as a disease with higher frequencies amongst older individuals. This result is 
particularly interesting, given the evidence for decreasing grain consumption with the onset 
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of the LIA. As mentioned previously (see Section 2.2), while the cultivation of rye, barley, 
oats and wheat had previously been common in Norway prior to the LIA, the evidence 
generally suggests a greater reliance on protein such as cattle and fish for subsistence from 
around the 13th century onwards.  
 
One other sample assessed from the modern Iberian Peninsula sites, demonstrated a 
decrease in carious lesions amongst males with increasing age (Lopez et al. 2012). 
Unfortunately, the authors did not look into this anomaly in any detail, focusing instead on 
the general increase of caries over time and corresponding alterations to subsistence. 
 
Additionally, it is worth noting that rates of carious lesions amongst older female teeth in 
Phase C were very low, at 0.6%, though the difference between this and rates in young 
females was not statistically significant, nor were the differences in rates of carious lesions 
between young and old from Phase B or all phases of the site. The various factors which 
could be influencing these differences will be further explored, but it should be noted that 
ante-mortem tooth loss plays an important role in the correctness of examinations for 
carious lesions in archaeological samples.  
 
In his work on the caries correction factor, Lukacs (1995) notes that tooth loss is a an 
important factor in reducing the accuracy and interpretation of related pathological lesions, 
particularly caries. Temporal problems such as the recent loss of dentition before death 
which will not lead to remodelling, and the loss of teeth antemortem due to severe carious 
lesions, lead to the underestimation of caries (Lukacs 1995). Old adult females from the 
Library site had the highest rate of AMTL across every phase of the site, and old adults of 
both sexes consistently demonstrated higher rates of tooth loss than their younger 
counterparts. Therefore, these low rates of caries could simply be due to a high rate of 
AMTL skewing rates of carious lesions.  
 
It is also possible, though, less likely, that there was a shift in behaviour or diet between 
Phase B and C that lead to an increase in caries over time. Individuals may have been 
subsisting on a diet high in sugar or cariogenic carbohydrates or conversely, anti-cariogenic 
foodstuffs such as dairy may not have been as readily available. A number of foods are 
known to have protective properties against caries, just as lesions, particularly those on the 
occlusal surfaces of the teeth, are strongly linked to sugar consumption and sticky, 
carbohydrate-rich starches (Newbrun 1982, Erdal and Duyar 1999, Schollmeyer and Turner 
2004). Milk and cheese, and particularly the presence of casein in these foodstuffs, a 
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phosphoprotein known to have anti-cariogenic qualities, can provide protection against 
caries (Moynihan 2000). There are also protective qualities in some plants, including 
organic phosphates which form a protective coating on the teeth (Moynihan 2000). It has 
also been suggested that an increase in the consumption of protein would inhibit the 
development of caries (Walker and Erlandson 1986, Powell 1996). This difference in caries 
frequencies may also be related to increased alcohol consumption over time. As previously 
discussed, differential access to alcohol could have been contributing to greater frequencies 
of caries in males compared to females. In this instance, it could also be argued that 
increased consumption during Phase C could have led to increased caries. The impact of 
alcohol on health will also be discussed further in relation to nutritional deficiencies in 
Chapter Seven. 
 
The type of dietary protein consumed by the population could also be a factor increasing 
frequencies of caries in Phase C. Marine protein was known to be an important supplement 
to the medieval Scandinavian diet (Sawyer 1993). However, the onset of the LIA resulted in 
a reduction of the sea water temperature, forcing the movement of cod further south to 
warmer waters (Christensen and Nielssen 1996), due to their limited survival in 
temperatures under 2°C (Grove 2004). Cod all but disappeared from central and northern 
Norway into the 18th century (Dyrvik et al. 1976, Grove 2004).  
 
Marine protein contains fluoride, consumption of which somewhat protects against caries 
(Rugg-Gunn and Nunn 1999, Jakob 2009). High levels of protein in the diet also help to 
reduce acidity of saliva and neutralise acids (Walker and Erlandson 1986). There is no 
direct evidence as to whether this loss of cod in the waters surrounding Trondheim directly 
affected diet, though it seems extremely likely that it would have. Neither is there definitive 
evidence as to whether the population took up a greater consumption of herring, an 
important commodity traded in Bergen and Trondheim during the 17th century 
(Christensen and Nielssen 1996), in order to compensate for this loss. However, the role of 
marine protein in aiding to protect the oral environment and the subsequent loss of fish 
during the LIA could be linked to this change in caries frequencies over time.  
 
However, caries development is multifactorial and relies on a number of factors in addition 
to diet such as microflora, saliva and time (Reich et al. 1999). The presence of potentially 
cariogenic food stuffs, or an increase in the consumption of these foods may not 
necessarily be directly linked to an increase in caries, or even be cariogenic, given the 
interplay of these factors (Newbrun 1982, Van Loveren and Duggal 2003).  
175 
 
 
Dietary changes other than the reduced grain consumption in the Library site population 
which would likely result in a reduction in caries over time, may have affected the 
frequencies of dental caries in Phase C. However, in the case of the greater frequencies of 
caries in young adults, it would appear more likely that alternatively, this is an example of 
selectivity, with those dying at a young age also exhibiting higher frequencies of caries. As 
discussed previously for calculus, it is possible that higher frequencies of caries could be 
due to a poor quality diet which could be linked to this shortened life expectancy, through 
the effects of malnutrition or under nutrition. Conversely, this could be unrelated to the 
cause of death directly. Further research highlighting the presence of other pathological 
lesions or abnormalities in these specific individuals such as cribra orbitalia, linear enamel 
hypoplasia or infection, would be useful in this instance.  
 
The effect of geographical location on dental caries 
The frequency of caries in the Library site sample was close to average when compared to 
other European samples, with a number, particularly those in the Mediterranean, exhibiting 
far lower frequencies of carious lesions. Some of the lowest frequencies of caries were 
recorded in the Mediterranean samples of Eleutherna, Kastella, Messene, Sourtara 
Galaniou Kozanis and the collective medieval sample from the Iberian Peninsula. These 
low frequencies could be explained by the diversity of the Mediterranean diet, which today 
typically includes high levels of plant foods, whole grains and low to moderate intake of 
dairy products, which contributes to low levels of chronic disease in contemporary 
Mediterranean populations (Kushi et al. 1995, Itsiopoulos et al. 2009, Itsiopoulos and 
Brazionis 2011, Itsiopoulos et al. 2011).  If these populations had greater access to plant 
foods, this could be an important factor in the lower frequencies of dental caries. Inorganic 
phosphates, organic phosphates' and phytates are all present in unrefined plant foods and 
are thought to protect teeth against the development of carious lesions. However, 
Moynihan (2000) has pointed out that human trials into the impact of these factors on 
caries development have been unclear, despite their success in animal trials. 
 
The low frequencies of dental caries in these samples may also be influenced by the 
proximity of these towns to the coast. The majority of the Mediterranean sites are less than 
20 km from the coast, with the exception of the Iberian Peninsula grouped sites and 
Sourtara Galaniou Kozanis. This may not have only meant improved access to marine 
protein, but also to a wider variety of foodstuffs through trade.  
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As discussed previously, marine protein can help to maintain an oral environment that is 
better able to withstand the development of carious lesions. A relationship between low 
caries frequencies and a high protein diet was observed in samples from Greenland 
amongst the Vikings and Inuit (Pedersen 1947, Scott et al. 1991). A reduction in caries over 
time was also observed in archaeological material from Santa Rosa Island, resulting from a 
transition to a diet higher in protein in relation to carbohydrates (Walker and Erlandson 
1986).  
 
Conversely, three samples situated in the Mediterranean did not have low caries 
frequencies. These were Vilarnau d'Amont, the modern Iberian Peninsula and Korytiani 
samples. In the case of Vilarnau d'Amont, Esclassan et al. (2009) argue that the population's 
low socio-economic class would have led to limited availability of diverse food resources 
and thus, reliance on carbohydrates. This likely led to a frequency of carious lesions similar 
to samples from central Europe and the United Kingdom. As outlined in Chapter Three, 
Section 3.3.8,  analyses conducted on the sample from Korytiani suggested their diet was 
high in grain and vegetables and low in marine protein, which could have led to an 
increased frequency of caries compared to other samples from the Mediterranean.  
 
The Swedish sample from Smörkullen exhibited an exceptionally high frequency of caries. 
The majority of carious lesions in this sample were located in the cervical region of the 
teeth, suggesting accumulation of food around the base of the teeth, although severe 
attrition may have removed the majority of occlusal lesions (Liebe‐Harkort 2012a). This 
suggests that the diet at Smörkullen would have differed substantially from that of the 
Library site sample, with a greater focus on highly fibrous and abrasive carbohydrate-rich 
foods.  
 
These findings would appear to suggest that the diet of the Library site sample was not 
nearly as diverse compared to the Mediterranean samples but that also, the levels of 
cariogenic carbohydrates were not nearly as high as its Scandinavian counterparts. This may 
be in part due to Trondheim's position on the coast compared to other Scandinavian 
samples. This would have increased variability of foodstuffs consumed through trade and 
improved access to marine protein as noted above. While the onset of the LIA and the 
restrictive trade decree may have greatly affected both of these aspects of Trondheim 
subsistence, it may be that the population was still partaking in a more varied diet than 
others in Scandinavia, despite the economic and environmental impacts on subsistence. 
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6.7.3 Ante-mortem tooth loss (AMTL) 
Examinations into ante-mortem tooth loss in the Library site sample revealed some 
expected results both across and within the phases. As expected, older adults exhibited 
higher frequencies of AMTL when compared to young adults. AMTL is commonly found 
in older adults, due to the greater length of time for the pathology to occur, and the 
degradation of oral health in older age and progressive exposure of tooth roots associated 
with increasing age (Hillson 2001). This pattern is also demonstrated in the majority of 
European samples in this analysis (Scott et al. 1991, Lingström and Borrman 1999, 
Vodanović et al. 2005, Esclassan et al. 2009, Jakob 2009, Meinl et al. 2010, Malčić et al. 
2011). Comparisons of frequencies of AMTL between the major phases were also very 
similar. Relationships of note, such as the tenuous association between AMTL and dental 
caries in the Library site sample, the greater frequency of AMTL in females and differences 
in frequencies of AMTL across geographical locations will be discussed below. 
 
The relationship between AMTL and dental caries 
The association between caries and AMTL in the bioarchaeological record is considered 
very strong (Costa 1980, Lukacs 1989, Hartnady and Rose 1991, Kelley et al. 1991, Lukacs 
1995, Lukacs 2011, Willis and Oxenham 2013). Lukacs (1989) lists caries as one of the 
predominant initial causes of AMTL, leading to abscesses and subsequent tooth loss. As 
for high frequencies of caries, populations that subsist predominantly on plant 
carbohydrates or processed foods have higher frequencies of tooth loss than those whose 
diet had a greater proportion devoted to dietary protein (Pedersen 1947, Scott et al. 1991, 
Larsen 2015). In several of the European samples examined, the authors suggest that the 
presence of caries was likely influencing frequencies of AMTL (Lingström and Borrman 
1999, Bonfiglioli et al. 2003, Liebe‐Harkort 2012a). 
 
However, the relationship between AMTL and caries in the Library site sample was 
unclear. Similarities existed across the phases, notably in the predominance for mandibular 
and posterior lesions. However, AMTL differed from caries in its higher frequencies 
amongst the older adult age groups and in females. This pattern was repeated in Phase B of 
the sample and to a lesser extent in Phase C. Such findings suggest that the link between 
caries and AMTL in this sample is somewhat tenuous, particularly considering the 
predominance of carious lesions in males and young adults. It appears likely that other 
factors were influencing tooth loss in the Library site sample, such as calculus, periodontal 
disease or attrition. 
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The effect of sex on AMTL 
The statistically significant difference between frequencies of AMTL in females and males 
is of great interest in this analysis. When considered together, across both phases, females 
consistently exhibited greater frequencies of AMTL, and decreased frequencies of caries, 
when compared to their male counterparts. This pattern of greater frequencies of AMTL in 
females in the Library site sample was somewhat unexpected. This is particularly so given 
the posed link between AMTL and caries (Lukacs 1995, Shigli et al. 2009, Willis and 
Oxenham 2013), which, as discussed above, is not necessarily borne out here, and the 
higher frequencies of caries in males from the sample, particularly in Phase C. However, 
across the sample, the retention of teeth in females was consistently lower than males in all 
four categories (i.e. anterior, posterior, maxillary and mandibular), as summarised in Tables 
6.1, 6.2 and 6.3. This could be demonstrating the effects of tooth loss on the prevalence of 
caries. The consistently lower tooth retention in females, likely a result of ante-mortem 
tooth loss, means that there are fewer teeth for examination for carious lesions and thus, 
have possibly led to a depressed frequency of caries particularly if the majority of these 
teeth were located posteriorly and lesions were severe enough to cause AMTL.  
 
Larsen (2015) argues that there is no consistent case for sex-based disparities in frequencies 
of AMTL in the bioarchaeological record, but this is certainly not the case here, with a 
number of samples exhibiting these differences (Jakob 2009, Malčić et al. 2011, Lopez et al. 
2012). Many of the European samples exhibited a higher frequency of AMTL in females. 
The samples from the modern Iberian Peninsula and Smörkullen were the notable 
exceptions. In the Iberian Peninsula sample, males had a higher frequency of AMTL, while 
females had almost twice the frequency of carious lesions (Lopez et al. 2012). This was 
attributed to a high level of medical intervention for males with dental lesions (Lopez et al. 
2012). While males exhibited a slightly higher frequency of caries in individuals at 
Smörkullen, females had higher frequencies of AMTL and caries by tooth count 
(Liebe‐Harkort 2012a). In the Požega Cathedral sample, females had a statistically 
significant greater frequency of AMTL (30.6%), when compared to males (13.7%), though 
the reasons for this discrepancy are not discussed by Malčić et al. (2011).                                                                                                                                                                 
 
The higher frequency of AMTL in females from the Library site sample is certainly 
consistent with what is known from the bioarchaeological record regarding the female 
susceptibility to poor oral health, and is supported by other studies which point to higher 
frequencies of tooth loss in females. Studies into differences in the occurrence of AMTL 
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by sex suggest that socioeconomic and cultural differences may result in nutritional stress 
detrimentally affecting female oral health (Lukacs 2011). Kelley et al. (1991) reports that 
irrespective of subsistence, females were at a greater risk of AMTL in their sample from 
Chile, a pattern also confirmed in other samples (Roberts and Cox 2003, Corraini et al. 
2009, Lukacs 2011, Malčić et al. 2011, Oxenham and Domett 2011, Willis and Oxenham 
2013). Willis and Oxenham (2013), reporting on a number of samples, note that 
frequencies of AMTL in the archaeological record and in clinical studies are generally 
higher in females, indicating a bias towards greater frequencies of female tooth loss (Al 
Shammery et al. 1998, Cucina and Tiesler 2003, López and Baelum 2006, Oyamada et al. 
2007, Corraini et al. 2009, Shigli et al. 2009, Watson et al. 2010). Oxenham (2011) takes 
evidence for high frequencies of AMTL in Man Bac females as further confirmation of the 
link between elevated fertility and poor oral health, which is supported by a number of 
studies that have positively associated AMTL and other indicators of oral health with 
fertility and pregnancy (Lukacs and Largaespada 2006, Meisel et al. 2008, Russell et al. 2008, 
Fields et al. 2009, Watson et al. 2010, Lukacs 2011). Studies in Brazil and Chile have also 
concluded that severe tooth loss was strongly associated with the female sex (Corraini et al. 
2009). The higher frequency of AMTL in female dentition also further confirms that the 
link between caries and AMTL in the Library site sample may be weak, given the higher 
frequencies of caries in males compared to females. However, the lower frequency of caries 
in females could also be due to this high rate tooth loss, possibly from severe carious 
lesions leading to AMTL.    
 
The effect of geographical location on AMTL 
Frequencies of AMTL in the Library site sample were low when compared to other 
European samples and well below the collective mean (12.9%). The sample from 
Gothenburg was the only other sample to exhibit a lower frequency of tooth loss. 
Lingström and Borrman (1999) focused predominantly on the frequencies of caries at 
Gothenburg, rather than AMTL. In this sample, 60% of individuals presented with carious 
lesions. The authors suggested that this was predominantly due to intake of total 
fermentable carbohydrates rather than a diet high in sugar, particularly as it is believed their 
diet was generally lower in sugar content when compared to modern populations 
(Lingström and Borrman 1999). Whilst this may seem high in comparison to the low 
AMTL frequencies, this was inclusive of mild instances of caries which could have been the 
predominant form of lesions present in this sample, and which may not have had an 
adverse effect on tooth loss. Lingström and Borrman (1999) consider that other factors 
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may have influenced tooth loss, but point to high frequencies of AMTL and caries in the 
first and second molars as an indication that caries played a major role in the exacerbation 
of tooth loss. A large number of teeth were also lost post-mortem which could be 
contributing to heightened frequencies of caries in the Gothenburg sample, if these were 
predominantly anterior teeth. However, this is not clear from the data.  
 
Kerr et al. (1988) suggest that the relatively low frequencies of caries in the sample from 
Aberdeen may have been due to severe attrition of dentition. However, low frequencies of 
AMTL suggest that some other factors may be acting in favour of oral health and it is likely 
that dietary factors or good oral hygiene influenced low frequencies of both AMTL and 
caries in the sample from Aberdeen. The modern Iberian Peninsula sample had a very high 
frequency of AMTL (40.3%), almost twice that of Vienna (23.8%), with a significant 
increase in both dental caries and AMTL from the medieval to modern time periods 
(Lopez et al. 2012). As previously discussed, the significant increase in the Iberian sample 
can be partially explained by increased medical intervention, along with an increased 
consumption of cariogenic foodstuffs over time (Lopez et al. 2012). 
 
Comparisons with these samples, particularly those with very low or high frequencies, 
would seem to suggest that individuals excavated from the Library site had generally good 
oral health. It is likely that oral hygiene practices were employed and, if there was a link 
between AMTL and caries in the Library site sample, that carious lesions were limited to, at 
least in male individuals, moderate and mild lesions rather than severe lesions leading to 
extended tooth loss. This is certainly confirmed by the examination of the type of carious 
lesions present in this sample.  
6.7.4 Alveolar defects of pathological origin (ADP) 
The analysis of ADP from the Library site sample did not yield any particularly significant 
results, at least in terms of any sex or phase disparities. Frequencies in both main phases 
were similar to the overall frequency. There were no statistically significant divisions based 
on sex. As is to be expected, ADP frequencies were higher in older adults across the 
sample.  
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The effect of geographical location on ADP 
The frequency of ADP by alveoli in the Library site sample was quite low when compared 
to other European samples, and was similar to the frequency recorded for the sample from 
Vilarnau d'Amont (3.4%). This was well below the collective mean for these samples of 
5.6%. This mean was likely reduced by a number of samples exhibiting very low ADP 
frequencies, such as those from Quadrella and Nusplingen, and the lack of data available 
for ADP by alveoli in other European samples.  
 
It is generally thought that ADP is underreported in the archaeological record, due to the 
fact that abscesses are only obvious on physical examination once they have communicated 
with cortical bone, with x-rays of bones for the purpose of dental examinations not often 
conducted in analyses of skeletal material (Lukacs 1989, Roberts and Manchester 2007). 
The low frequencies reported in the Library site sample could be attributed to this 
underreporting, particularly if the abscesses present were not severe. Nevertheless, 
comparatively low frequencies of ADP from the Library site sample confirm that (as 
surmised from assessment of the frequencies of AMTL) good oral hygiene was likely being 
practised, and if caries were causing ADP or AMTL, that these lesions were rarely severe 
enough to cause infections in the bone. 
 
The link between dental caries and ADP is not a consistent one, as the development of 
ADP can result from a number of other underlying factors. However, carious lesions can 
predispose individuals to development of ADP through exposure of the pulp cavity 
(Roberts and Manchester 2007). In the case of the Pleidelsheim and Nusplingen samples, 
Jakob (2009) argues that the link between caries and ADP led to higher frequencies of 
ADP in the German samples as compared to the British samples. Despite this, frequencies 
of ADP for both these samples were very low at 1.4% and 1.2% respectively. This kind of 
link, however, is not universal. The Quadrella sample exhibits a higher-than average 
frequency of caries, and the lowest frequency of ADP. The same can also be said for 
Vilarnau d'Amont. This demonstrates that the posed relationship between ADP and caries, 
like AMTL, is not straightforward and is subject to other biological, social and cultural 
factors influencing oral health.  
 
Assessment of data from across Europe reveals a number of samples with similar 
frequencies of ADP. The samples from Greece and Italy both had low ADP frequencies, 
particularly for individual ADP in the Sourtara Galaniou Kozanis sample. The two samples 
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from Germany also had very similar levels to one another of ADP by alveolar count, but 
not individual ADP, indicating that Nusplingen had a higher number of ADP lesions per 
person. The Wharram Percy, Haffjarðarey and Smörkullen samples all exhibited high 
individual ADP frequencies above 40.0% and, in the case of Smörkullen and Wharram 
Percy, frequency of ADP by alveoli count was far above the collective mean (5.6%). In the 
case of the latter, this would suggest that there was a greater number of individuals with 
high numbers of ADP lesions. When viewing ADP per person, the mean number of 
lesions per person across all samples is just over 2.5, with samples from the Library site, 
Smörkullen and Wharram Percy exhibiting a higher-than average number of lesions per 
person. However, as there are only limited data available for ADP by both individual and 
by alveoli count, this finding is not particularly robust, and therefore not suggestive of 
levels of oral health in individuals from these samples or of any particular similarities 
between the samples.  
6.7.5 Statistical comparisons of European oral health 
The results of the PCA analysis are subject to individual interpretation and for this reason,  
the analysis presented here should be viewed with caution. To supplement this 
examination, the data from the samples in Europe and statistical analyses of these, along 
with other factors, will be explored in more detail and using more robust statistical 
techniques in the following chapters and particularly, in Chapter Ten.  
 
Comparisons of the site groupings (as indicated by circling on the score plot) on Figure 6.2 
to the loading plot (Figure 6.1) suggest that the close proximity of the Turku and Vicenne-
Campochiaro samples was a result of the influence of a higher-than average frequency of 
caries by teeth. As no other oral health data could be assessed by the PCA for these 
samples, no further conclusions can be drawn other than that their high frequencies of 
caries has caused them to group together.   
 
The grouping in the fourth quadrant of Figure 6.2 of the Eleutherna, Kastella, Messene and 
Sourtara Galaniou Kozanis samples, when compared to the loading plot, suggests that the 
very low levels of caries in all of these samples were likely the greatest influence on 
positioning. No other data from the samples were included in the PCA analysis, which 
means their grouping together is unremarkable.  
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Comparisons of the position of the modern Iberian sample to the loading plot (Figure 6.1) 
would suggest that this is heavily influenced by the frequency of AMTL at the site. This is 
certainly confirmed by the data presented in Tables 6.15 and 6.16. The sample had a 
modest level of caries by tooth, however the frequency of AMTL was far and above any of 
the other samples at 40.3%, which is clearly demonstrated by the score plot. The difference 
in frequencies between this and the medieval Iberian sample were highly significant, as was 
the difference between males and females within the modern period (Lopez et al. 2012). 
Lopez et al. (2012) suggest that an increase of carbohydrates in the diet led to an increase in 
carious lesions and thus, ante-mortem tooth loss. The significant difference between males 
and females is attributed to the introduction of regulated dental care in Spain in the 16th 
century (Lopez et al. 2012). This included the creation of 'Pragmatica' - which controlled 
the granting of licences to barber shops, who besides trimming beards, also cleaned tartar 
and removed teeth (Lopez et al. 2012). As such, higher levels of AMTL in males and in the 
sample generally are not indicative of poor oral health care, but rather a higher level of 
intervention, particularly for men. 
 
The grouping of the Croatian samples, as indicated by circling on Figure 6.3, is likely 
influenced by higher-than average levels of ADP. Indeed, those that have grouped together 
are the three Croatian samples for which ADP data were available. The average level of 
caries and above average ADP in these samples would seem to suggest here that the causal 
link between ADP and caries is not robust. Other factors can also contribute to ADP such 
as attrition and trauma (Clarke 1990, Buikstra and Ubelaker 1994). At least two of these 
samples experienced varying levels of trauma and stress throughout the periods from 
which the skeletal material originated. At Nova Rača, starvation was known to be an issue 
during particular periods, with uprisings in AD 1573 and AD 1755 (Šlaus 2002). For the 
sample from Nin, high a frequency of cribra orbitalia indicated possible malaria and 
overcrowding in the town (Novak et al. 2012).  
 
The diets at these sites were likely quite different, given that Nova Rača and Ðakovo were 
not near the coast and their settlement types differed. Dietary information could only be 
ascertained for Nin. It is therefore difficult to make any comparisons related to subsistence, 
other than to note that the lower frequency of caries in the sample from Nin has been 
attributed to the consumption of marine protein (Novak et al. 2012), one of the benefits of 
living near the coast. The LIA also occurred across the time periods of all three samples. 
The high stress from social and economic factors, coupled with environmental conditions 
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which, certainly in the case of Nova Rača, could have been contributing to food shortages 
(Novak et al. 2012), may have all acted to influence oral health directly and indirectly.   
 
It is likely that frequencies of dental caries influenced the grouping of the samples from 
Crete, particularly as there is an almost 10.0% difference in frequencies of ADP between 
the samples from Eleutherna and Kastella, and for frequencies of AMTL. This would 
suggest that the diets of these populations were quite similar. Both were characterised by 
Mediterranean diets with consumption of some marine protein likely, as both are close to 
the coast. Whilst Eleutherna was affected by numerous natural disasters, the town was 
generally prosperous, only later experiencing difficulties accessing foodstuffs (Bourbou 
2003). The period from which the sample from Kastella comes was marked by stability and 
a diet that included marine protein, with the vast majority of food grown on the island itself 
(Mallegni 1988, Bourbou 2010). Despite this, Kastella had far higher frequencies of ADP 
than Eleutherna. This would suggest that causes other than dental caries, such as a high 
rate of wear or poor oral hygiene contributed to the higher levels of ADP. Given the 
similarities in diet and frequencies of carious lesions, it would be interesting to further 
compare these data with other samples from Crete, particularly those situated on the coast 
from a similar time period.  
 
The grouping together of the two German samples and their position relative to the 
loading plot suggests that low frequencies of ADP were influencing their position on the 
plots. Both of the samples had similar frequencies of caries and AMTL, which were also 
likely impacting on their grouping. Whilst Nusplingen was a rural town and Pleidelsheim 
was characterised as an urban settlement, it is likely that other factors influencing oral heath 
were quite similar, including diet. Jakob (2009) suggests that these and the British samples 
analysed likely subsisted on a diet high in carbohydrates, with some form of dietary protein. 
Given the below average frequencies of carious lesions in the sample, it seems reasonable 
to conclude that the diet of these individuals consisted of greater amounts of proteins, and 
less fermentable and cariogenic carbohydrates than their other European contemporaries.  
 
In addition, as outlined in Section 6.6, the majority of the samples grouped together were 
assessed by the same observer. Thus, whilst other reasons for their grouping have been 
explored, it cannot be excluded that these patterns are a result of similar recording 
methods, rather than similarities in the frequencies of pathological lesions. Additionally, the 
levels of dental wear in these samples, were, for the most part, not recorded. Given the 
known connection between wear and carious lesions, in that high levels of attrition can 
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mask rates of caries but also lead to greater rates of AMTL, it is possible that, had they 
been known, rates of dental wear could have considerably altered the analyses.  
6.8  Summary 
This chapter has described, analysed and discussed the evidence for oral pathological 
lesions in the Library site sample, and places these in the context of frequencies across 
Europe, as well as the social, economic and environmental changes occurring during the 
period from which the sample dates. This has contributed to our understanding of the 
general health and wellbeing of this population, the potential influences on oral health such 
as biological sex, time and subsistence practices, and how the oral health of this population 
compared to contemporary European samples. More broadly, this research has helped to 
illuminate the oral health of European communities during the early modern and medieval 
periods.  
 
Examinations into oral health in the Library site sample revealed a complex picture of 
dietary change and imbalances between the sexes over time. Levels of calculus in the 
sample suggest that oral hygiene improved during Phase C. The presence of higher 
frequencies of calculus in young adults during this period suggested either poor hygiene or 
a correlation between younger age at death and higher frequencies of calculus.  
 
The examination of dental caries in the sample provided insight into the dietary habits of 
the population across the phases and in comparison to other European samples. Males had 
higher levels of carious lesions than females, which was unusual in the context of 
bioarchaeological examinations of skeletal material. Differences in diet, predominantly a 
greater access to cariogenic foodstuffs were potentially the greatest contributing factor 
explaining this disparity and the higher frequencies of caries in Phase C.  
 
The higher level of caries amongst young adults across the sample and in Phase C was 
more difficult to explain. This finding supported the results for higher frequencies of 
calculus in young adults and thus, also is suggestive that individuals who died during their 
young adult years during Phase C, also experienced poor dental health. This could be as a 
result of poor diet overall which could have been contributing to this shortened life 
expectancy. In the case of higher frequencies of caries in Phase C, this could have been due 
to a change in dietary protein, increased consumption of alcohol or other changes in the 
consumption of anti-cariogenic or protective foodstuffs. The role of climate change in 
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impacting on nutritional deficiencies will be further explored in Chapter Seven, utilising 
evidence for cribra orbitalia and linear enamel hypoplasia as an analogue for physiological 
stress.  
 
In comparison to the rest of medieval and early modern Europe, individuals from the 
Library site sample likely subsisted on a fairly average diet that was not as diverse or high in 
dietary protein as those in the Mediterranean. However, from a collective Scandinavian 
viewpoint, those in Trondheim probably experienced a less cariogenic diet than their 
counterparts in Sweden or later Norway.  
 
Females from the Library site sample had a significantly higher frequency of AMTL when 
compared to males. This difference occurred in both phases, though this was not 
significant in Phase C. The tendency for older females to have the highest frequencies of 
AMTL would have strongly influenced this trend, particularly as there was no significant 
difference found between young males and young females across the phases of the sample. 
The findings of higher frequencies of AMTL in females were consistent with the 
bioarchaeological record and what is generally known regarding female susceptibility and 
vulnerability to oral disease. The link between AMTL and caries, evident in other samples, 
was not borne out in the Library site sample due to the higher frequencies of caries in 
males. However, lower frequencies of caries in females could be related directly to tooth 
loss, in that a lower rate of tooth retention across the sample of females compared to males 
had depressed frequencies of caries in this sex. 
 
The frequency of AMTL in the sample was low when compared to other samples, with 
only the Gothenburg sample exhibiting a lower frequency of AMTL, possibly due to good 
oral hygiene. Considering the higher frequencies of caries in both these samples, it is 
possible that caries did not appreciably impact on frequencies of AMTL. Rather, it is likely 
that good oral hygiene practices were in place and that the caries experienced were only 
mild to moderate in severity. 
 
The analysis of ADP at the Library site and other samples yielded the least significant 
results, with no statistically significant divisions based on sex between phases. Levels of 
ADP in the Library site sample were low when viewed by alveoli count, and average when 
viewed by individual count, compared to the other European samples. This, combined with 
the results of the assessment for AMTL, confirms that oral health in the Library site sample 
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was generally good, with moderate intake of cariogenic foodstuffs and good oral hygiene 
practices likely in place. 
 
Through statistical analyses, it was clear that a number of the European samples had 
grouped together by pathological lesion, particularly by country. However, it would mostly 
appear that behavioural and social factors, such as subsistence practices, access to 
foodstuffs and poverty were more than likely the primary influences in the majority of 
these cases, not climatic or environmental variables. Only in the grouping from Croatia was 
there a consistent environmental variable, with the LIA occurring during the dates from 
which all three samples were taken. However, given that these populations were likely 
under high amounts of social and economic stress, the impact of environmental variables 
such as the LIA may only have indirectly affected levels of oral health in these samples. 
 
Pathological lesions of the dentition are, more often than not, utilised in the archaeological 
record as analogues for economic, social and agricultural change. With the exception of 
linear enamel hypoplasia, to be expanded on in Chapter Seven, dental caries, ADP and 
AMTL are most often linked to diet, oral hygiene practices, genetics and each other. The 
influence of environmental and climatic variables on pathological lesions may have been 
occurring indirectly in these samples, such as through the impacts of crop failure or disease. 
The impact of the climatic change occurring during the second phase of the Library site 
sample, and through the dates attributed to many of the European samples, is difficult to 
interpret through the examination of lesions of the dentition alone. In the case of the 
Library site sample, it appears likely that the adoption of improved oral hygiene practices 
and changes in diet occurred over time, although whether this was due to economic 
problems, or the impact of the LIA on agriculture and fishing is not clear. These issues will 
be further expanded on in Chapter Ten, which will draw together social, economic and 
environmental variables with the data for pathological lesions from all of the samples.       
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Chapter Seven 
Nutritional Deficiencies and Childhood Stress    
 
This chapter aims to address the evidence for nutritional deficiencies in the Library site 
sample and analyse them in the context of frequencies of these indicators from other 
samples in Europe. Additionally, this chapter will analyse the collective health of European 
populations during these periods, at least in terms of indicators of nutritional deficiencies 
and childhood stress, and will attempt to discern what impact, if any, environmental, social 
and economic factors had on health and wellbeing both specifically for the Library site 
sample and across Europe. This will be conducted through the examination of evidence for 
cribra orbitalia (CO) and linear enamel hypoplasia (LEH), both markers known to indicate 
nutritional deficiencies and childhood stress (Goodman and Rose 1991, Ortner 2003).  
 
Markers of physiological disruption such as CO and LEH can reveal disturbances to the 
growth of individuals during their sub-adult years. These data can be utilised as evidence 
for diminished resources or increased infection during crucial growth periods in a 
population. In turn, these can point to the influences of environmental, social and 
economic changes on population health. There has only been limited research conducted 
on samples of Scandinavian origin addressing such signatures (Scott et al. 1991, Yoder 
2006, Liebe‐Harkort 2012b) and no such analysis has yet been carried out on the sample 
excavated from the Library site.  
 
Cribra orbitalia results from an underlying anaemic stimulus that the body attempts to 
combat by raising erythrocyte production. It is generally thought to occur due to iron-
deficiency anaemia, megaloblastic anaemia (Vitamins B9 or B12  deficiencies), haemolytic 
anaemias (thalassemia and sickle-cell anaemia), scurvy (Vitamin C deficiency), rickets 
(Vitamin D deficiency) and malaria (Mays 2007, Obertová and Thurzo 2008, Walker et al. 
2009, Oxenham and Cavill 2010, McIlvaine 2013, Smith-Guzman 2015). Adults have been 
found to be fairly resilient to vitamin B12 deficiency though, it is more common in children 
(Stabler and Allen 2004, Offenbecker 2011). These deficiencies can stem from a variety of 
causes such as blood loss, inadequate absorption of iron, nutritional deficiencies, parasitic 
infections (leading to malabsorption) and infectious disease (Klepinger 1992, Stuart-
Macadam 1992a, Roberts and Manchester 2007, Obertová and Thurzo 2008). However, 
the role of iron-deficiency in causing cribra orbitalia is currently in contention.  
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In 2009, Walker et al. argued that marrow hypertrophy cannot occur in cases of iron-
deficiency, as extra stores of iron are necessary for erythropoesis. They contended that 
haemolytic and megaloblastic anaemias, which are commonly connected to malnutrition, 
were more likely candidates for CO, given the capability of these in producing the 
characteristic skeletal manifestations (Walker et al. 2009). A number of authors have 
subsequently also taken this view (Gowland and Western 2012, Lewis 2012, Rothschild 
2012). This was in contrast to the previously widely held view that iron-deficiency anaemia 
was the most likely cause of CO in archaeological skeletal remains.  
 
However, Oxenham and Cavill (2010) argued that Walker et al.'s (2009) proposal was based 
on a false reading of the clinical literature and that converse to their theory, erythropoesis 
can increase in response to iron-deficiency which can then lead to CO. They argued for 
further research into the affects of iron-deficiency anaemia specifically on the bone, 
particular into why this deficiency results in such severe skeletal manifestations (Oxenham 
and Cavill 2010).  
 
The view taken in the present study agrees with that of McIlvaine (2013). Whilst it may be 
the case that iron-deficiency does not cause cribra orbitalia in archaeological remains, 
dismissing this long-held view may be premature, particularly given that this could lead to 
populations exhibiting hidden heterogeneity (McIlvaine 2013). McIlvaine (2013) points out 
there are similar proximate causes to both iron and Vitamin B12  deficiencies (often caused 
by a deficiency in animal protein and poor sanitation) and that they commonly co-occur. 
Thus, if iron-deficiency was inhibiting marrow hypertrophy and Vitamin B12 deficiency was 
promoting it, both stressed and non-stressed individuals, nutritionally speaking, would not 
present with CO (McIlvaine 2013). Therefore, for the purposes of this analysis, CO is 
considered as a signal of general physiological stress, with iron-deficiency considered as one 
of numerous causes of this symptom.  
 
LEH are defects in the permanent teeth that appear during growth periods, which can be 
caused by physiological stress such as nutritional deficiencies and disease (Ortner 2003). 
Examinations into the presence of LEH in the Library site sample will provide insight into 
stress during childhood growth periods. This stress can be linked to hereditary anomalies, 
localised trauma or metabolic stresses (Goodman and Rose 1991). 
 
This chapter will present the results of examinations into the presence of CO and LEH in 
the Library site sample. Individual sections will discuss the results across all phases of the 
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Library site sample (Phases A, B and C), and within Phase B and Phase C. Phase B and 
Phase C will then be compared, and all phases of the Library site sample will be compared 
with the other European samples. The main interactions of interest between phase, sex and 
age, will inform the layout of tables summarising frequencies of CO and LEH, and 
statistical modelling of the data. A generalised linear model (GLM) will be applied to 
frequencies of CO by individual and element, in order to ascertain if there were any 
significant differences between frequencies of CO by the interactions of interest. For the 
purposes of statistical modelling, only individuals of determined sex and age (i.e. young 
adult or old adult) have been included, which accounts for the different frequencies of 
lesions present in the text. Statistical modelling was not applied to frequencies of LEH due 
to the small sample size present, which will be discussed further in section 7.2. 
 
This chapter will then present an exploratory multivariate analysis, by principal component 
analysis (PCA), of the combined nutritional deficiencies across the European samples in 
order to gauge any relationship between the sites. This will help to determine how 
indicators for nutritional deficiencies and childhood stress in the samples compare to one 
another, and particularly if these pathological variables are influencing groupings of sites 
(see Chapter Four, section 4.9.2 for additional details). The above results will then be 
discussed in the context of bioarchaeological research and historical evidence for 
economic, social and environmental change. 
7.1 Results – cribra orbitalia (CO) 
This section will summarise the frequencies of CO within the Library site sample, and will 
compare these to one another and to frequencies from other European samples. 
Comparisons of the phases provide a picture of the frequency of CO over time in 
Trondheim, while comparisons to other European samples will provide a context for the 
frequencies in the Library site sample and indicate general trends occurring across Europe 
during the medieval and early modern periods. This analysis may also illuminate the 
potential influence of environmental, social and economic change on childhood stress in 
Trondheim and Europe more broadly.  
7.1.1 All phases (A, B, C) 
Table 7.1 summarises frequencies of CO by sex and age. Overall, 30.0% of observable 
individuals from the site had at least one orbit presenting with cribra orbitalia. Of these, 
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female individuals had a slightly higher frequency of CO (32.9%) when compared to males 
(24.4%). The greatest amount of CO activity in observable individuals was healed (23.8%) 
compared to mixed (healed and active) reactions (6.2%). The frequency of healed lesions in 
observable females was 26.0% compared to 17.8% of males. Young males had a higher 
frequency of mixed CO (8.7% ) than old males (4.8%) and young females had a higher 
frequency of mixed CO (9.8%) than old females (3.4%). In terms of degree of lesion, very 
few individuals had faint cribra orbitalia. The two instances were in a young female and an 
old female. The majority of individuals exhibited CO as coalescing foramina.  
 
Table 7.2 presents the results of pair-wise comparisons of sex and age interactions for the 
three types of CO activity across all phases of the Library site sample, derived from GLM 
modelling. Analyses were conducted on frequencies of CO by activity. As can be seen in 
Table 7.2, no significant differences were found across the site. This is despite what appear 
to be disparities between groups. This may be due to the small sample size preventing a 
robust analysis. 
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Table 7.1: Summary table of sex and age frequency of CO in all phases of the Library site sample 
Degree Total
2 Total3 TOTAL4
N1 Absent Faint Porosity CF
CO healed obs  
(%)
 CO mixed5 
obs (%)
 CO obs (%)
Female YA 41 27 1 3 10 10 (24.4) 4 (9.8) 14 (34.1)
OA 29 19 1 3 6 9 (31.0) 1 (3.4) 10 (34.5)
?Adult 3 3 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 73 49 2 6 16 19 (26.0) 5 (6.8) 24 (32.9)
Male YA 23 17 0 3 3 4 (17.4) 2 (8.7) 6 (26.1)
OA 21 16 0 1 4 4 (19.0) 1 (4.8) 5 (23.8)
?Adult 1 1 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 45 34 0 4 7 8 (17.8) 3 (6.7) 11 (24.4)
?Sex YA 6 4 0 0 2 2 (33.3) 0 (0.0) 2 (33.3)
OA 6 4 0 0 2 2 (33.3) 0 (0.0) 2 (33.3)
?Adult 0 0 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 12 8 0 0 4 4 (33.3) 0 (0.0) 4 (33.3)
Total 130 91 2 10 27 31 (23.8) 8 (6.2) 39 (30.0)
Left and right orbits assessed wherever possible; most severe lesion present used to score the individual for presence of CO
YA: young adult; OA: old adult; ?Adult: adult, age undetermined; ?Sex: adult of undetermined sex; Absent: clear of lesions;
 Faint: faint remodelling scars; Porosity: lesions presenting as porosity; CF: lesions presenting as coalescing foramina
1 number of individuals with at least one assessable orbit 
2 only individuals with healed CO (active cases excluded)
3 only individuals with active CO including those with areas of remodelled CO
4 all individuals with signs of CO (healed, active, combination)
5mixed reactions a combination of healed and active CO. 
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Table 7.2: Summary table of the three types of CO activity associated with the pair-wise 
comparisons (p-values) of sex, age and interactions of sex and age in all phases derived from 
generalised linear modelling 
Variable % CO Total P
1
% Healed CO P
1
% Mixed CO P
1
Sex F 34.3 27.1 7.1
M 25.0 18.2 6.8
Age YA 31.3 21.9 9.4
OA 30.0 26.0 4.0
Sex*Age F YA 34.1 24.4 9.8
OA 34.5 31.0 3.4
M YA 26.1 17.4 8.7
OA 23.8 19.1 4.8
Age*Sex YA F 34.2 24.4 9.8
M 26.1 17.4 8.7
OA F 34.5 31.0 3.4
M 23.8 19.1 4.8
F: female; M: male; YA: young adult; OA: old adult; CO: cribra orbitalia
1p ‐value; bold numbers indicate significance; significance is considered as values  ≤0.05
0.816
0.889
0.609
0.327
0.275
0.947
0.343
0.517
0.887
0.538
0.606
0.275
Category
0.417
0.504
0.861
0.977
0.886
0.296
 
7.1.2 Phase B 
Table 7.3 summarises frequencies of CO by sex and age for Phase B of the sample. 
Overall, 42.4% of individuals with an assessable orbit had CO. Of these, 44.7% of females 
and 39.1% of males exhibited CO. Young males had a higher frequency of CO (50.0%) 
than old males (30.0%). The frequency of CO in young females (43.5%) was similar to that 
of old females (46.7%). The majority of CO in individuals from Phase B was expressed as 
coalescing foramina. No old male individuals had mixed CO, whilst 16.7% of assessable 
young males had this activity. The frequency of mixed CO was higher in old females (6.7%) 
than in young females (4.4%).  
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Table 7.3: Summary table of sex and age frequency of CO in Phase B of the Library site sample 
Degree Total
2 Total3 TOTAL4
N1 Absent Faint Porosity CF
CO healed obs  
(%)
 CO mixed5 
obs (%)  CO obs (%)
Female YA 23 13 1 2 7 9 (39.1) 1 (4.4) 10 (43.5)
OA 15 8 0 2 5 6 (40.0) 1 (6.7) 7 (46.7)
?Adult 0 0 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 38 21 1 4 12 15 (39.5) 2 (5.3) 17 (44.7)
Male YA 12 6 0 3 3 4 (33.3) 2 (16.7) 6 (50.0)
OA 10 7 0 1 2 3 (30.0) 0 (0.0) 3 (30.0)
?Adult 1 1 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 23 14 0 4 5 7 (30.4) 2 (8.7) 9 (39.1)
?Sex YA 2 1 0 0 1 1 (50.0) 0 (0.0) 1 (50.0)
OA 3 2 0 0 1 1 (33.3) 0 (0.0) 1 (33.3)
?Adult 0 0 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 5 3 0 0 2 2 (40.0) 0 (0.0) 2 (40.0)
Total 66 38 1 8 19 24 (36.4) 4 (6.1) 28 (42.4)
Left and right orbits assessed wherever possible; most severe lesion present used to score the individual for presence of CO
YA: young adult; OA: old adult; ?Adult: adult, age undetermined; ?Sex: adult of undetermined sex; Absent: clear of lesions;
 Faint: faint remodelling scars; Porosity: lesions presenting as porosity; CF: lesions presenting as coalescing foramina
1 number of individuals with at least one assessable orbit 
2 only individuals with healed CO (active cases excluded)
3 only individuals with active CO including those with areas of remodelled CO
4 all individuals with signs of CO (healed, active, combination)
5mixed reactions a combination of healed and active CO. 
196 
 
Table 7.4 presents the results of pair-wise comparisons of sex and age interactions for the 
three types of CO activity in Phase B of the Library site sample, derived from GLM 
modelling. No significant differences between frequencies of CO by sex or age were 
apparent in comparisons of groups in Phase B.  
 
Table 7.4: Summary table of the three types of CO occurrence associated with the pair-wise 
comparisons (p-values) of sex, age and interactions of sex and age in Phase B derived from 
generalised linear modelling 
Variable % CO Total P
1
% Healed CO P
1
% Mixed CO P
1
Sex F 44.7 39.5 5.3
M 40.9 31.8 9.1
Age YA 45.7 37.1 8.6
OA 40.0 36.0 4.0
Sex*Age F YA 43.5 39.1 4.4
OA 46.7 40.0 6.7
M YA 50.0 33.3 16.7
OA 30.0 30.0 0.0
Age*Sex YA F 43.5 39.1 4.4
M 50.0 33.3 16.7
OA F 46.7 40.0 6.7
M 30.0 30.0 0.0
F: female; M: male; YA: young adult; OA: old adult; CO: cribra orbitalia
1p ‐value; bold numbers indicate significance; significance is considered as values  ≤0.05
0.713
0.5710.5530.773
0.672
0.777
0.867
0.847
0.660
0.407
Category
0.886
0.4910.928
0.246
0.813
0.7550.957
0.346
 
7.1.3 Phase C 
Table 7.5 summarises the frequencies of CO by sex and age for Phase C of the sample. Of 
the assessable individuals, 17.7% exhibited CO. The frequencies of CO in Phase C of the 
sample appeared to be lower when compared to the frequencies across the entire sample 
(see Table 7.1). There was a higher frequency of CO in females (21.2%) than in males 
(9.1%). The majority of CO instances presented as coalescing foramina (eight), followed by 
porosity (two) and a single case of faint remodelling scars on an old adult female. Of 
observable old males, 18.2% exhibited CO (two individuals), compared to no instances in 
young male individuals. Young and old females had similar frequencies of CO (23.5% and 
23.1% respectively). No old females presented with mixed CO, whilst three young females, 
17.6% of observable individuals, presented with mixed activity. A greater frequency of 
healed CO was observed in old females (23.1%) than young females (5.9%).  
 
Table 7.6 presents the results of pair-wise comparisons of sex and age interactions for the 
three types of CO activity in Phase C of the Library site sample, derived from GLM 
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modelling. As with Phase B and the collective results from the Library site, Table 7.6 
demonstrates that there were no significant differences in frequencies of CO within Phase 
C. As with these previous analyses, some of the differences appeared to be quite large but 
were not statistically significant, which is likely due to the small sample size.  
7.1.4 Phase B and Phase C comparisons 
Table 7.7 presents the results of pair-wise comparisons of the interactions between phase, 
sex and age for total CO activity. Males from Phase B had a significantly higher frequency 
of CO (40.9%) than males from Phase C (9.1%, P = 0.024). Old adults from Phase B also 
had a greater frequency of CO (40.0%) than old adults from Phase C (20.8%, P = 0.011). 
Whilst the other differences modelled were not significant, the frequencies in Phase B were 
nearly double those of Phase C, and the difference between females was near significance 
(P = 0.070). Further analysis was not undertaken dividing these categories further by sex or 
age due to the limited sample size. 
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Table 7.5: Summary table of sex and age frequency of CO in Phase C of the Library site sample 
Degree Total
2 Total3 TOTAL4
N1 Absent Faint Porosity CF
CO healed obs  
(%)
 CO mixed5 
obs (%)  CO obs (%)
Female YA 17 13 0 1 3 1 (5.9) 3 (17.6) 4 (23.5)
OA 13 10 1 1 1 3 (23.1) 0 (0.0) 3 (23.1)
?Adult 3 3 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 33 26 1 2 4 4 (12.1) 3 (9.1) 7 (21.2)
Male YA 11 11 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
OA 11 9 0 0 2 1 (9.1) 1 (9.1) 2 (18.2)
?Adult 0 0 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 22 20 0 0 2 1 (4.5) 1 (4.5) 2 (9.1)
?Sex YA 4 3 0 0 1 1 (25.0) 0 (0.0) 1 (25.0)
OA 3 2 0 0 1 1 (25.0) 0 (0.0) 1 (25.0)
?Adult 0 0 0 0 0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 7 5 0 0 2 2 (50.0) 0 (0.0) 2 (50.0)
Total 62 51 1 2 8 7 (11.3) 4 (6.5) 11 (17.7)
Left and right orbits assessed wherever possible; most severe lesion present used to score the individual for presence of CO
YA: young adult; OA: old adult; ?Adult: adult, age undetermined; ?Sex: adult of undetermined sex; Absent: clear of lesions;
 Faint: faint remodelling scars; Porosity: lesions presenting as porosity; CF: lesions presenting as coalescing foramina
1 number of individuals with at least one assessable orbit 
2 only individuals with healed CO (active cases excluded)
3 only individuals with active CO including those with areas of remodelled CO
4 all individuals with signs of CO (healed, active, combination)
5mixed reactions a combination of healed and active CO. 
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Table 7.6: Summary table of the three types of CO occurrence associated with the pair-wise 
comparisons (p-values) of sex, age and interactions of sex and age in Phase C derived from 
generalised linear modelling 
Variable % CO Total P
1
% Healed CO P
1
% Mixed CO P
1
Sex F 23.3 13.3 10.0
M 9.1 4.5 4.5
Age YA 14.3 3.6 10.7
OA 20.8 16.7 4.2
Sex*Age F YA 23.5 5.9 17.6
OA 23.1 23.1 0.0
M YA 0.0 0.0 0.0
OA 18.2 9.1 9.1
Age*Sex YA F 23.5 5.9 17.6
M 0.0 0.0 0.0
OA F 23.1 23.1 0.0
M 18.2 9.1 9.1
F: female; M: male; YA: young adult; OA: old adult; CO: cribra orbitalia
1p ‐value; bold numbers indicate significance; significance is considered as values  ≤0.05
0.769 0.865
0.802
0.876
Category
0.199
0.139
0.308
0.375
0.882
0.876
0.794
0.801
0.977
0.475
0.785
0.391
0.194
0.535
 
 
Table 7.7: Summary table of combined CO occurrence associated with the pair-wise 
comparisons (p-values) of the interactions sex and phase and age and phase derived from 
generalised linear modelling 
Variable % CO Total P
1
Sex*Phase F B 44.7
C 23.3
M B 40.9
C 9.1
Age*Phase YA B 45.7
C 14.3
OA B 40.0
C 20.8
F: female; M: male; YA: young adult; OA: old adult; B: Phase B;
 C: Phase C; CO: cribra crbitalia
1p -value; bold numbers indicate significance; significance is 
0.151
0.011
0.070
0.024
Category
 
7.1.5 Comparisons to European samples 
Table 7.8 summarises overall frequencies of CO for the European samples. Frequencies are 
based on assessable individuals with at least one orbit present. As summarised by Table 7.8, 
in comparison to the other 14 samples with published frequencies for CO, the Library site 
sample appears to sit on the higher end of the scale for overall frequency of CO. A number 
of samples had low frequencies of CO, in particular the samples from Switzerland. These 
samples had among the lowest frequencies presented, with 6.5% affected at Unterseen, 
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8.3% at Oberbueren and 13.8% at Bern-Schanze. Frequencies in samples from Jutland and 
Pleidelsheim were also quite low, at 10.8% and 12.9% respectively. These frequencies, and 
those from a number of other samples including those from Wharram Percy, Whithorn 
and Nin, were lower than the collective mean (27.3%). Taking this into account, the sample 
from the Library site would appear to be just over average (30.0%) when compared to 
these samples. The only other two samples from Scandinavia, Jutland (10.8%) and 
Smörkullen (37.0%), do not exhibit similar frequencies to the Library site sample. The 
highest frequency for CO comes from the sample from St Helen-on-the-Walls (67.9%), 
which was over 65.0% higher than the next closest sample, Ðakovo, which had a frequency 
of 40.7%. 
 
Tables 7.9 and 7.10 summarise the frequencies for male and female CO in the European 
samples. The sample from Unterseen presented with no instances of CO in females, whilst 
the samples from Jutland, Ðakovo, Oberbueren, Wharram Percy, Nova Râca, Whithorn 
and Nin all presented with greater frequencies of CO in females when compared to males 
in the same sample. Conversely, the samples from Bern-Schanze, Unterseen, Pleidelsheim 
and Smörkullen exhibited greater frequencies of CO in male individuals than females. The 
Croatian samples demonstrated higher frequencies of CO in females, whilst all samples 
from Switzerland demonstrated higher frequencies in males.  
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Table 7.8: Summary table of total frequency of CO in the Library site sample and European site 
samples 
Sample Country N
1
CO healed/active 
Obs.2 CO %
Unterseen Switzerland 31 2 6.5
Oberbueren Switzerland 120 10 8.3
Jutland Denmark 204 22 10.8
Pleidelsheim3 Germany 62 8 12.9
Bern-Schanze Switzerland 80 11 13.8
Nin Croatia 39 7 17.9
Wharram Percy U.K. (England) 255 49 19.2
Whithorn4 U.K. (Scotland) 181 45 24.9
Nova Rača Croatia 44 12 27.3
Library Site, Trondheim Norway 130 39 30.0
Nusplingen3 Germany 82 28 34.1
Borovce4 Slovakia 218 77 35.3
Smörkullen Sweden 81 30 37.0
Ðakovo Croatia 27 11 40.7
St Helen-on-the-walls U.K. (England) 277 188 67.9
CO: cribra orbitalia; Obs.; observed
1 number of adult individuals with at least one assessable orbit 
2individuals with healed and/or active cases of CO 
3individuals with both orbits preserved
4individuals with assessable orbit and teeth  
 
Table 7.9: Summary table of frequency of CO in the males from the Library site sample and 
European site samples 
Sample Country N
1
CO healed/active 
Obs.2 CO %
Oberbueren Switzerland 61 4 6.6
Jutland Denmark 128 11 8.6
Unterseen Switzerland 20 2 10.0
Nin Croatia 20 2 10.0
Pleidelsheim3 Germany 27 4 14.8
Whithorn4 U.K. (Scotland) 86 13 15.1
Wharram Percy U.K. (England) 144 23 16.0
Bern-Schanze Switzerland 47 8 17.0
Nova Rača Croatia 22 4 18.2
Ðakovo Croatia 15 3 20.0
Library Site, Trondheim Norway 45 11 24.4
Nusplingen3 Germany 44 13 29.5
Smörkullen Sweden 43 17 39.5
CO: cribra orbitalia; Obs.; observed
1 number of adult individuals with at least one assessable orbit 
2individuals with healed and/or active cases of CO 
3individuals with both orbits preserved
4individuals with assessable orbit and teeth  
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Table 7.10: Summary table of frequency of CO in the females from the Library site sample and 
European site samples 
Sample Country N
1
CO healed/active 
Obs.2 CO %
Unterseen Switzerland 10 0 0.0
Bern-Schanze Switzerland 29 2 6.9
Oberbueren Switzerland 56 6 10.7
Pleidelsheim3 Germany 34 4 11.8
Jutland Denmark 76 11 14.5
Wharram Percy U.K. (England) 109 26 23.9
Nin Croatia 19 5 26.3
Smörkullen Sweden 31 10 32.3
Library Site, Trondheim Norway 73 24 32.9
Whithorn4 U.K. (Scotland) 95 32 33.7
Nova Rača Croatia 22 8 36.4
Nusplingen3 Germany 36 14 38.9
Ðakovo Croatia 12 6 50.0
CO: cribra orbitalia; Obs.; observed
1 number of adult individuals with at least one assessable orbit 
2individuals with healed and/or active cases of CO 
3individuals with both orbits preserved
4individuals with assessable orbit and teeth  
7.2 Results – linear enamel hypoplasia (LEH) 
This section will summarise frequencies of linear enamel hypoplasia (LEH) across all 
phases of the Library site sample (A, B and C), within the individual phases (B and C) and 
compare frequencies of LEH between phases and to frequencies from other European 
samples. Comparisons of the phases will provide a picture of the frequency of LEH over 
time in Trondheim, while comparisons to other European samples will provide a context 
for the frequencies in the Library site sample and indicate general trends occurring across 
Europe during the medieval and early modern periods.  
7.2.1 All phases (A, B, C) 
Table 7.11 summarises the frequencies of LEH by tooth count in incisors and canines. 
Overall, 7.8% of combined incisors and canines exhibited at least one hypoplastic defect. 
Males had a higher frequency (9.1%) than females (6.1%). No old individuals presented 
with LEH, except for one defect in the canine of an individual of undetermined sex. 
Numbers of hypoplastic defects in incisors were equally split between young males and 
young females (3 observed teeth for each category). LEH count in incisors was split 
between the maxilla (4.4%) and mandible (4.2%). More canine hypoplastic defects were in 
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the mandible (21.2%) than the maxilla (4.5%). The number of total affected LEH teeth was 
greater in the canines (11.8%) than the incisors (4.3%). 
 
Table 7.12 summarises the frequencies of LEH for individuals with defects on the incisors 
and/or canines. A total of 13.5% of individuals with canines and/or incisors had 
hypoplastic defects - equating to a frequency of ten out of a possible 93 individuals. In 
contrast to tooth count, the frequency of LEH in individuals was approximately the same 
in females (10.8%) and males (9.3%). Just over half of individuals with LEH had more than 
three defects (60.0%). Of male individuals with LEH, 75.0% had more than three defects, 
though it must be noted that this is a small sample size of only four individuals.  
 
The frequencies for LEH in premolars and molars by tooth are summarised in Table 7.13. 
The frequency of hypoplastic defects by tooth was 0.9% overall, with a total of 15 teeth 
displaying at least one defect. Of these, only 1.1% of male and 0.7% of female combined 
premolars and molars displayed hypoplastic defects. No old adults in either the female or 
male groups had any defects. The majority of hypoplastic defects were positioned in the 
mandible, with the highest frequencies in the premolars (5.4%).  
 
Table 7.14 presents the frequencies of LEH for individuals with defects on the premolars 
and molars. A total 4.1% of individuals exhibited at least one hypoplastic defect. Of these, 
the number of defects was split between one, two and three or more. Male individuals had 
a greater frequency of LEH (4.5%) than females (2.4%). Hypoplastic defects were 
predominantly situated on the premolars. 
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Table 7.11: Summary table of sex and age frequency of LEH by tooth (incisor/canine) in all phases of the Library site sample 
N1
I n2 
max/man
C n3 
max/man
Obs. I LEH4 
max/man
% I LEH5 
max/man
% I LEH 
Total
Obs. C LEH 
max/man4
% C LEH 
max/man5
% C LEH 
total
% Total LEH 
combined6
Female YA 80 25/23 19/13 3/0 12.0/0.0 6.25 0/2 0.0/15.4 9.1 6.25
OA 31 12/3 9/7 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 4 0/2 0/2 0/0 0.0/0.0 0.0 0/2 0.0/100.0 100.0 50.0
Subtotal 115 37/28 28/22 3/0 8.1/0.0 4.6 0/4 0.0/18.2 8.0 6.1
Male YA 72 20/20 20/12 0/3 0.0/15.0 7.5 3/4 15.0/33.3 21.9 13.9
OA 37 5/15 11/6 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 1 0/0 1/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 110 25/35 32/18 0/3 0.0/8.6 5.0 3/4 9.4/22.2 14 9.1
?Sex YA 20 4/7 3/6 0/0 0.0/0.0 0.0 0/1 0.0/16.7 11.1 5.0
OA 12 2/1 4/5 0/0 0.0/0.0 0.0 0/1 0.0/20.0 11.1 8.3
?Adult 1 0/0 0/1 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 33 6/8 7/12 0/0 0.0/0.0 0.0 0/2 0.0/16.7 10.5 6.1
Total 258 68/71 67/52 3/3 4.4/4.2 4.3 3/11 4.5/21.2 11.8 7.8
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; I: incisor; C: canine 
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1total number of preserved incisors and canines
2number of preserved maxillary/mandibular incisors
3number of preserved maxillary/mandibular canines
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes  
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Table 7.12: Summary table of sex and age frequency of LEH by individual (incisor/canine) in all phases of the Library site sample 
N1 I/C n2
I/C n3 LEH 
obs. I/C4 LEH %
I C Combin.5 
LEH obs (%)
I C Combin.6 1 
LEH obs. (%)
I C Combin.6 2 LEH 
obs. (%)
I C Combin.6 3+ 
LEH obs. (%)
Female YA 23 17/19 3/1 17.6/5.3 3 (17.4) 2 (66.7) 0 (0.0) 1 (33.3)
OA 13 7/11 0/0 0.0/0.0 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 1 1/1 0/1 0.0/100.0 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0)
Subtotal 37 35/31 3/2 8.6/6.5 4 (10.8) 2 (50.0) 0 (0.0) 2 (50.0)
Male YA 25 15/21 1/4 6.7/19.0 4 (16.0) 1 (25.0) 0 (0.0) 3 (75.0)
OA 17 10/12 0/0 0.0/0.0 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 1 0/1 0/0 0.0/0.0 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 43 25/34 1/4 4.0/9.3 4 (9.3) 1 (25.0) 0 (0.0) 3 (75.0)
?Sex YA 6 6/4 0/1 0.0/25.0 1 (16.7) 0 (0.0) 0 (0.0) 1 (100.0)
OA 6 2/6 0/1 0.0/16.7 1 (16.7) 0 (0.0) 1 (100.0) 0 (0.0)
?Adult 1 0/1 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 13 8/11 0/2 0.0/18.2 2 (15.4) 0 (0.0) 1 (50.0) 1 (50.0)
Total 93 68/76 4/8 5.8/10.5 10 (13.5) 3 (30.0) 1 (10.0) 6 (60.0)
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; I: incisor; C: canine 
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1number of individuals with canines and/or incisors
2total number of individuals with canines/incisors
3number of individuals with at least one LEH event affecting incisors/canines
4% of individuals with at least one event affected incisors/canines
5% of individuals with at least one LEH event affecting incisors and/or canines combined
6%number and proportion of individuals with 1, 2 or 3+ LEH events affecting any incisor and/or canine  
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Table 7.13: Summary table of sex and age frequency of LEH by tooth (molar/premolar) in all phases of the Library site sample 
N1
PM n2 
max/man
M n3 
max/man
Obs. PM LEH4 
max/man
% PM LEH5 
max/man
% PM LEH 
total
Obs. M LEH 
max/man4
% M LEH 
max/man5
% M LEH 
total
% Total LEH 
combined6
Female YA 523 79/45 205/194 1/1 1.3/2.2 0.8 0/0 0.0/0.0 0.0 0.4
OA 299 51/36 92/120 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 21 3/3 5/10 0/2 0.0/66.7 33.3 0/2 0.0/20.0 13.3 19.0
Subtotal 843 133/84 302/324 1/3 0.8/3.6 1.8 0/2 0.0/0.6 0.3 0.7
Male YA 396 64/36 149/147 1/5 1.6/13.9 6.0 0/1 0.0/0.7 0.3 1.8
OA 262 46/20 83/113 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 2 2/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 660 112/56 232/260 1/5 0.9/8.9 3.6 0/1 0.0/0.4 1.0 1.1
?Sex YA 127 17/17 38/55 0/1 0.0/5.9 2.9 0/0 0.0/0.0 0.0 0.8
OA 60 11/6 19/24 0/0 0.0/0.0 0.0 0/1 0.0/4.2 2.3 1.7
?Adult 4 0/4 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 191 28/27 57/79 0/1 0.0/3.7 1.8 0/1 0.0/1.3 0.7 1.0
Total 1694 273/167 591/663 2/9 0.7/5.4 2.5 0/4 0.0/0.6 0.3 0.9
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; PM: premolar; M:molar;
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1total number of preserved premolars and molars
2number of preserved maxillary/mandibular premolars
3number of preserved maxillary/mandibular molars
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes  
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Table 7.14: Summary table of sex and age frequency of LEH by individual (molar/premolar) in all phases of the Library site sample 
N1 PM/M n2
PM/M n3 
LEH obs.
PM/M4 LEH 
%
PM M Combin.5 
LEH obs (%)
PM M Combin.6 1 
LEH obs. (%)
PM M Combin.6 2 
LEH obs. (%)
PM M Combin.6 
3+ LEH obs. (%)
Female YA 47 36/47 1/0 2.8/0.0 1 (2.1)  (0.0) 1 (100.0) 0 (0.0)
OA 36 31/36 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 2 2/2 1/1 50.0/50.0 1 (50.0) 0 (0.0) 0 (0.0) 1 (100.0)
Subtotal 85 69/85 2/1 2.9/1.2 2 (2.4) 0 (0.0) 1 (50.0) 1 (50.0)
Male YA 37 33/36 3/1 9.1/2.7 3 (8.1) 0 (0.0) 2 (66.7) 1 (33.3)
OA 28 21/28 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 1 1/0 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 66 55/64 3/1 5.5/1.5 3 (4.5) 0 (0.0) 2 (66.7) 1 (33.3)
?Sex YA 13 10/12 1/0 9.1/0.0 1 (7.7) 1 (100.0) 0 (0.0) 0 (0.0)
OA 6 4/6 0/1 0.0/16.7 1 (16.7) 1 (100.0) 0 (0.0) 0 (0.0)
?Adult 1 1/0 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 20 15/18 1/1 6.3/4.8 2 (10.0) 2 (100.0) 0 (0.0) 0 (0.0)
Total 171 139/167 6/3 4.3/1.7 7 (4.1) 2 (28.6) 3 (42.9) 2 (28.6)
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; PM: premolar; M:molar;
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1number of individuals with premolars and/or molars
2total number of individuals with premolars/molars
3number of individuals with at least one LEH event affecting premolars/molars
4% of individuals with at least one event affected premolars/molars
5% of individuals with at least one LEH event affecting premolars and/or molars combined
6%number and proportion (of total LEH observed) of individuals with 1, 2 or 3+ LEH events affecting any premolar and/or molar
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7.2.2 Phase B 
Tables 7.15 and 7.16 summarise the sex and age frequencies of LEH present in Phase B of 
the sample. The frequencies of LEH in both classes of tooth were very low, even when 
considering the frequencies across the sample as a whole. For this reason, only tables 
representing LEH by tooth count have been included. As Table 7.15 indicates, only 1.6% 
of assessable incisors had at least one hypoplastic defect. Table 7.16 demonstrates that the 
frequency in premolars was around the same as the frequency in incisors, at 1.4% of 
observable premolars. The defects in the premolars occurred in just two teeth, one from a 
young female and the other from a young adult of undetermined sex. There were no 
instances of LEH in molar or canine dentition or in males.  
7.2.3 Phase C 
Tables 7.17 to 7.20 summarise the sex and age frequencies of LEH present in Phase C of 
the sample by tooth and individual count. Table 7.17 demonstrates the frequencies of LEH 
in incisors and canines by tooth count. Overall, 13.7% of incisors and/or canines in Phase 
C exhibited at least one hypoplastic defect. By class, 22.0% of canines and 6.9% of incisors 
had at least one defect. No old adults of definitive sex exhibited LEH on the incisors. 
Males had a slightly higher frequency of canine LEH (28.0%) than females (21.1%). When 
combining incisor and canine hypoplastic defects males had a greater frequency of LEH 
(16.4%) than females (9.3%). Incisor LEH defects were fairly evenly distributed between 
teeth in the maxilla and the mandible, while canine hypoplastic defects were higher in the 
mandible (35.7%) than the maxilla (9.7%).   
 
Table 7.18 presents the frequencies of LEH in incisors and canines by individual. Overall, 
19.6% of individuals with canines or incisors had at least one hypoplastic defect. Of these, 
23.1% of females had LEH compared to 18.2% of males. The majority of individuals, six 
in total, had three or more hypoplastic defects.  
 
The results for premolar and molar LEH by tooth count and individual in Phase C are 
presented in Tables 7.19 and 7.20. The frequency for premolar and molar combined LEH 
was much lower than for incisors and canines, at 1.5% of observable premolars and molars. 
Males exhibited a slightly higher frequency of LEH (2.0%) than females (1.3%). The 
frequency of LEH was higher in premolars (3.9%) than molars (0.7%). No maxillary molars 
were affected by LEH, and a greater number of affected premolars were in the mandible 
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(8.4%) than in the maxilla (0.8%). The frequency of male premolar LEH (6.5%) was higher 
than the frequency in females (2.6%). Table 7.20 further confirms these trends when 
addressing individual frequencies of LEH. Once again, the frequency of individuals with 
hypoplastic defects was higher in males (8.6%) than females (2.9%). 
7.2.4 Phase B and Phase C comparisons 
χ² analysis of goodness-of-fit between frequencies of LEH in incisors and canines in 
Phases B and C resulted in a p-value of <0.001, indicating that levels of LEH in these teeth 
was significantly greater in Phase C. The same test conducted on rates of LEH in 
premolars and molars resulted in a p-value of 0.0192. However, it must be cautioned that 
due to the low number of affected teeth, the analyses may be skewed towards significance. 
Nevertheless, when comparing the two phases directly, there was a difference in 
frequencies of hypoplastic defects both by individual and tooth count, across all age and 
sex groups. Phase C had higher frequencies of hypoplastic defects across all dentition 
types, particularly by incisor and canine tooth count. 
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Table 7.15: Summary table of sex and age frequency of LEH by tooth (incisor/canine) in Phase B of the Library site sample 
N1
I n2 
max/man
C n3 
max/man
Obs. I LEH4 
max/man
% I LEH5 
max/man
% I LEH 
Total
Obs. C LEH 
max/man4
% C LEH 
max/man5
% C LEH 
total
% Total LEH 
combined6
Female YA 51 16/14 13/8 1/0 6.3/0.0 3.3 0/0 0.0/0.0 0.0 2.0
OA 10 4/1 3/2 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 61 20/15 16/10 1/0 5.0/0.0 2.9 0/0 0.0/0.0 0.0 1.6
Male YA 22 2/8 8/4 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
OA 26 5/9 8/4 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 1 0/0 1/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 49 7/17 17/8 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Sex YA 2 0/1 0/1 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
OA 4 1/0 2/1 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 6 1/1 2/2 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Total 116 28/33 35/20 1/0 3.6/0.0 1.6 0/0 0.0/0.0 0.0 0.9
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; I: incisor; C: canine 
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1total number of preserved incisors and canines
2number of preserved maxillary/mandibular incisors
3number of preserved maxillary/mandibular canines
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes  
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Table 7.16: Summary table of sex and age frequency of LEH by tooth (molar/premolar) in Phase B of the Library site sample 
N1
PM n2 
max/man
M n3 
max/man
Obs. PM LEH4 
max/man
% PM LEH5 
max/man
% PM LEH 
total
Obs. M LEH 
max/man4
% M LEH 
max/man5
% M LEH 
total
% Total LEH 
combined6
Female YA 326 56/25 124/121 1/1 1.8/4.0 2.5 0/0 0.0/0.0 0.0 0.6
OA 155 26/21 46/62 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 481 82/46 170/183 1/1 1.2/2.2 1.6 0/0 0.0/0.0 0.0 0.4
Male YA 162 23/14 65/60 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
OA 125 24/11 43/47 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 2 2/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 289 49/25 108/107 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Sex YA 32 5/8 8/11 0/1 0.0/12.5 7.7 0/0 0.0/0.0 0.0 3.1
OA 19 5/0 6/8 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 51 10/8 14/19 0/1 0.0/12.5 5.6 0/0 0.0/0.0 0.0 2.0
Total 821 141/79 292/309 1/2 0.7/2.5 1.4 0/0 0.0/0.0 0.0 0.4
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; PM: premolar; M:molar;
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1total number of preserved premolars and molars
2number of preserved maxillary/mandibular premolars
3number of preserved maxillary/mandibular molars
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes
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Table 7.17: Summary table of sex and age frequency of LEH by tooth (incisor/canine) in Phase C of the Library site sample 
N1
I n2 
max/man
C n3 
max/man
Obs. I LEH4 
max/man
% I LEH5 
max/man
% I LEH 
Total
Obs. C LEH 
max/man
% C LEH 
max/man
% C LEH 
total
% Total LEH 
combined6
Female YA 18 7/5 4/2 2/0 28.6/0.0 16.7 0/2 0.0/100.0 33.3 22.2
OA 21 8/2 6/5 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 4 0/2 0/2 0/0 0.0/0.0 0.0 0/2 0.0/100.0 100.0 50.0
Subtotal 43 15/9 10/9 2/0 13.3/0.0 8.3 0/4 0.0/44.4 21.1 9.3
Male YA 50 18/12 12/8 0/3 0.0/25.0 10.0 3/4 25.0/50.0 35.0 20.0
OA 11 0/6 3/2 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 61 18/18 15/10 0/3 0.0/16.7 8.3 3/4 20.0/40.0 28.0 16.4
?Sex YA 18 4/6 3/5 0/0 0.0/0.0 0.0 0/1 0.0/20.0 12.5 4.6
OA 8 1/1 2/4 0/0 0.0/0.0 0.0 0/1 0.0/25.0 16.7 12.5
?Adult 1 0/0 1/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 27 5/7 6/9 0/0 0.0/0.0 0.0 0/2 0.0/22.2 13.3 7.4
Total 131 38/34 31/28 2/3 5.3/8.8 6.9 3/10 9.7/35.7 22.0 13.7
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; I: incisor; C: canine 
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1total number of preserved incisors and canines
2number of preserved maxillary/mandibular incisors
3number of preserved maxillary/mandibular canines
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes  
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Table 7.18: Summary table of sex and age frequency of LEH by individual (incisor/canine) in Phase C of the Library site sample 
N1 I/C n2
I/C n3 LEH 
obs. I/C4 LEH %
I C Combin.5 
LEH obs (%)
I C Combin.6 1 
LEH obs. (%)
I C Combin.6 2 LEH 
obs. (%)
I C Combin.6 3+ 
LEH obs. (%)
Female YA 5 4/3 2/1 50.0/33.3 2 (40.0) 1 (50.0) 0 (0.0) 1 (50.0)
OA 7 3/7 0/0 0.0/0.0 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 1 1/1 0/1 0.0/100.0 1 (100.0) 0 (0.0) 0 (0.0) 1 (100.0)
Subtotal 13 8/11 2/2 25.0/18.2 3 (23.1) 1 (33.3) 0 (0.0) 2 (66.7)
Male YA 13 9/11 1/4 11.1/36.4 4 (30.8) 1 (25.0) 0 (0.0) 3 (75.0)
OA 9 5/5 0/0 0.0/0.0 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 0 0/0 0/0 0.0/0.0 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 22 14/16 1/4 7.1/25.0 4 (18.2) 1 (25.0) 0 (0.0) 3 (75.0)
?Sex YA 5 5/3 0/1 0.0/33.3 1 (16.7) 0 (0.0) 0 (0.0) 1 (100.0)
OA 4 1/4 0/1 0.0/25.0 1 (25.0) 0 (0.0) 1 (100.0) 0 (0.0)
?Adult 1 0/1 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 10 6/8 0/2 0.0/25.0 2 (18.2) 0 (0.0) 1 (50.0) 1 (50.0)
Total 45 28/35 3/8 10.7/22.9 9 (19.6) 2 (22.2) 1 (11.1) 6 (66.7)
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; I: incisor; C: canine 
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1number of individuals with canines and/or incisors
2total number of individuals with canines/incisors
3number of individuals with at least one LEH event affecting incisors/canines
4% of individuals with at least one event affected incisors/canines
5% of individuals with at least one LEH event affecting incisors and/or canines combined
6%number and proportion of individuals with 1, 2 or 3+ LEH events affecting any incisor and/or canine  
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Table 7.19: Summary table of sex and age frequency by tooth (molar/premolar) of LEH in Phase C of the Library site sample 
N1
PM n2 
max/man
M n3 
max/man
Obs. PM LEH4 
max/man
% PM LEH5 
max/man
% PM LEH 
total
Obs. M LEH 
max/man4
% M LEH 
max/man5
% M LEH 
total
% Total LEH 
combined6
Female YA 163 17/15 69/62 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
OA 136 24/15 42/55 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 21 3/3 5/10 0/2 0.0/66.7 33.3 0/2 0.0/20.0 13.3 19.0
Subtotal 320 44/33 116/127 0/2 0.0/6.1 2.6 0/2 0.0/1.6 0.4 1.3
Male YA 220 38/22 79/81 1/5 2.6/22.7 10.0 0/1 0.0/1.2 0.6 3.2
OA 138 23/9 40/66 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
?Adult 0 0/0 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 358 61/31 119/147 1/5 1.6/16.1 6.5 0/1 0.0/0.7 0.4 2.0
?Sex YA 95 12/9 30/44 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
OA 41 6/6 13/16 0/0 0.0/0.0 0.0 0/1 0.0/6.3 3.4 2.4
?Adult 4 0/4 0/0 0/0 0.0/0.0 0.0 0/0 0.0/0.0 0.0 0.0
Subtotal 140 18/19 43/60 0/0 0.0/0.0 0.0 0/1 0.0/1.7 1.0 0.7
Total 818 123/83 278/334 1/7 0.8/8.4 3.9 0/4 0.0/1.2 0.7 1.5
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; PM: premolar; M:molar; max: maxilla;
man: mandible, LEH: linear enamel hypoplasia
1total number of preserved premolars and molars
2number of preserved maxillary/mandibular premolars
3number of preserved maxillary/mandibular molars
4observed teeth with LEH  for tooth class (not number of events)
5% LEH for tooth class
6%LEH for combined classes
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Table 7.20: Summary table of sex and age frequency by individual (molar/premolar) of LEH in Phase C of the Library site sample 
N1 PM/M n2
PM/M n3 
LEH obs.
PM/M4 LEH 
%
PM M Combin.5 
LEH obs (%)
PM M Combin.6 1 
LEH obs. (%)
PM M Combin.6 2 
LEH obs. (%)
PM M Combin.6 
3+ LEH obs. (%)
Female YA 17 10/17 0/0 0.0/0.0 0 (0.0) 0  (0.0)  (0.0) 0 (0.0)
OA 16 14/16 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 2 2/2 1/1 50.0/50.0 1 (50.0) 0 (0.0) 0 (0.0) 1 (100.0)
Subtotal 35 26/35 1/1 3.8/2.9 1 (2.9) 0 (0.0) 0 (0.0) 1 (100.0)
Male YA 20 18/19 3/1 16.8/5.3 3 (15.0) 0 (0.0) 2 (66.7) 1 (33.3)
OA 15 11/15 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
?Adult 0 0/0 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 35 29/34 3/1 10.3/2.9 3 (8.6) 0 (0.0) 2 (66.7) 1 (33.3)
?Sex YA 9 5/9 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
OA 4 3/4 0/1 0.0/25.0 1 (25.0) 1 (100.0) 0 (0.0) 0 (0.0)
?Adult 1 1/0 0/0 0.0/0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Subtotal 14 9/13 0/1 0.0/7.7 1 (7.1) 1 (100.0) 0 (0.0) 0 (0.0)
Total 84 64/82 4/3 6.3/3.7 5 (6.0) 1 (20.0) 2 (40.0) 2 (40.0)
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; ?Sex: adult of undetermined sex; PM: premolar; M:molar;
max: maxilla; man: mandible, LEH: linear enamel hypoplasia
1number of individuals with premolars and/or molars
2total number of individuals with premolars/molars
3number of individuals with at least one LEH event affecting premolars/molars
4% of individuals with at least one event affected premolars/molars
5% of individuals with at least one LEH event affecting premolars and/or molars combined
6%number and proportion (of total LEH observed) of individuals with 1, 2 or 3+ LEH events affecting any premolar and/or molar
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7.2.5 Comparisons to European site samples  
Table 7.21 summarises the frequencies of total LEH by tooth count in the European 
samples, for comparison to the Library site and one another. Frequencies for males and 
females by tooth count were not included as only three sites (including the Library site 
sample) had published data available. The Library site had one of the lowest frequencies of 
LEH at 1.8%, with the samples from Eleutherna (1.3%) and Sourtara Galaniou Kozanis 
(0.4%) the only samples with lower frequencies. The majority of frequencies by tooth 
count were under 10.0%. The exceptions to this were the samples from Thjodhild's 
Church, Quadrella and Vicenne-Campochiaro. The two sites from Italy had very high 
frequencies of LEH, with 78.3% of teeth in the sample from Quadrella affected, and 86.6% 
in the sample from Vicenne-Campochiaro. The frequency of LEH at Thjodhild's Church 
was around half of this at 24.1%, but was still more than double the next lowest frequency 
from Kastella (9.7%).  
 
Table 7.21: Summary table of total frequency of LEH by tooth for the Library site sample and 
European site samples 
Sample Country N
1 Obs. LEH2 LEH %3
Sourtara Galaniou Kozanis Greece 538 2 0.4
Eleutherna Crete 618 8 1.3
Library Site, Trondheim Norway 1952 35 1.8
Messene Greece 632 14 2.2
Pleidelsheim Germany 1800 56 3.1
Nusplingen Germany 2014 67 3.3
Korytiani Greece 2340 191 8.2
Kastella Crete 267 26 9.7
Thjodhild's Church Greenland 133 32 24.1
Quadrella Italy 1204 943 78.3
Vicenne-Campochiaro Italy 1754 1519 86.6
LEH: linear enamel hypoplasia; Obs.: observed
1 Number of preserved teeth
2observed teeth with 1+ LEH event  (not number of events)
3individual teeth with 1+ LEH events/total assessable teeth for category x 100  
 
Table 7.22 summarises the frequencies of total LEH by individual in the European 
samples. By individual count, the sample from the Library site sample appeared to have a 
reasonably low frequency of LEH, at 6.4% of observable individuals. The two samples 
from Crete and Nusplingen were also below 10.0%. The sample from Nidaros Cathedral, 
also in Trondheim but dated to a later period, had a greater frequency of 12.5% of 
individuals affected by LEH. The highest frequencies for individual LEH were from the 
two Italian samples, Quadrella and Vicenne-Campochiaro, at 92.5% and 94.3% 
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respectively. Bern-Schanze also had a high frequency of LEH at 72.9% of observable 
individuals. The other samples sat around or just above the collective mean (37.8%), 
including the two Icelandic samples of Haffjarðarey and Viðey. 
 
Table 7.22: Summary table of total frequency of total LEH by individual in the Library site 
sample and European site samples 
Sample Country N
1 Obs. LEH2 LEH %3
Eleutherna4 Crete 100 5 5.0
Library Site, Trondheim Norway 172 11 6.4
Kastella4 Crete 35 3 8.6
Nusplingen Germany 128 12 9.4
Pleidelsheim Germany 96 10 10.4
Nidaros Cathedral Norway 40 5 12.5
Smörkullen Sweden 85 14 16.5
Borovce Slovakia 236 64 27.1
Haffjarðarey4 Iceland 22 6 27.3
Unterseen Switzerland 43 14 32.6
Wharram Percy U.K. (England) 145 69 47.6
Viðey4 Iceland 25 12 48.0
Oberbueren Switzerland 114 56 49.1
Bern-Schanze Switzerland 59 43 72.9
Quadrella Italy 67 62 92.5
Vicenne-Campochiaro Italy 88 83 94.3
LEH: linear enamel hypoplasia; Obs.: observed
1Total number of individuals with observable teeth
2individuals with 1+ LEH event
3individuals with 1+ LEH events/total assessable individuals for category x 100
4 Total number of individuals preserved  
 
Tables 7.23 and 7.24 summarise the frequencies of LEH by individual and sex in  the 
European samples for comparison. As for total LEH frequency, the Library site sample 
had the lowest frequency of female LEH by individual, and the second lowest frequency of 
male LEH. Notably, the samples from the sites of Nidaros Cathedral and Bern-Schanze 
had far greater frequencies of female LEH than males, whilst frequencies of LEH in males 
are greater in the samples from Haffjarðarey and Viðey.  
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Table 7.23: Summary table of total frequency of LEH by individual in males for the Library site 
sample and European site samples 
Sample Country N
1 Obs. LEH2 LEH %3
Nidaros Cathedral Norway 21 1 4.8
Library Site, Trondheim Norway 66 4 6.1
Nusplingen Germany 54 4 7.4
Eleutherne4 Crete 52 4 7.7
Pleidelsheim Germany 41 4 9.8
Kastella4 Crete 15 2 13.3
Bern-Schanze Switzerland 47 8 17.0
Smörkullen Sweden 40 7 17.5
Unterseen Switzerland 29 9 31.0
Oberbueren Switzerland 56 30 53.6
Haffjarðarey4 Iceland 7 4 57.1
Viðey4 Iceland 17 10 58.8
Wharram Percy U.K. (England) 75 47 62.7
LEH: linear enamel hypoplasia; Obs.: observed
1Total number of individuals with observable teeth
2individuals with 1+ LEH event
3individuals with 1+ LEH events/total assessable individuals for category x 100
4 Total number of individuals preserved  
 
Table 7.24: Summary table of total frequency of LEH by individual in females for the Library 
site sample and European site samples 
Sample Country N
1 Obs. LEH2 LEH %3
Library Site, Trondheim Norway 86 4 4.7
Eleutherne4 Crete 21 1 4.8
Pleidelsheim Germany 47 4 8.5
Nusplingen Germany 52 5 9.6
Smörkullen Sweden 34 4 11.8
Kastella4 Crete 8 1 12.5
Nidaros Cathedral Norway 22 3 13.6
Haffjarðarey4 Iceland 13 2 15.4
Viðey4 Iceland 11 2 18.2
Unterseen Switzerland 13 4 30.8
Wharram Percy U.K. (England) 70 22 31.4
Oberbueren Switzerland 55 26 47.3
Bern-Schanze Switzerland 17 11 64.7
LEH: linear enamel hypoplasia; Obs.: observed
1Total number of individuals with observable teeth
2individuals with 1+ LEH event
3individuals with 1+ LEH events/total assessable individuals for category x 100
4 Total number of individuals preserved  
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7.3 Modelling of collective nutritional deficiencies in the European and Library 
site samples 
Multivariate analysis, specifically principal components analysis (PCA), was carried out on 
the frequencies of indicators of nutritional deficiencies and childhood stress (see Chapter 
Four, section 4.9 for method). This was undertaken in order to gauge if there were any 
initial groupings of samples based on the inclusion of multiple variates, which may indicate 
that the frequencies of indicators for nutritional deficiencies and stress in these samples 
were similar. This will help to further illuminate both the similarities in frequencies of 
lesions and thus samples, but also the strength of the influence of these frequencies on the 
position of the sites in the resulting graphs.  
 
Initially, CO, LEH by tooth and combined mean female and male estimated statures for 
the various samples were included for analysis. Stature was included as it can be affected by 
nutritional factors and combined stature was used in order to maximise the sample size, 
and make the modelling more robust (See Chapter Five, section 5.4.2). Table 7.25 presents 
the results of correlations of the collective nutritional deficiencies, including CO, LEH by 
tooth and mean stature combined (ASC), conducted through the PCA. 
 
Table 7.25:  Correlations (r2-values) of collective nutritional deficiencies (CO, LEH by tooth and 
mean combined stature) from the European site samples by principal component analysis 
% LEHT1 % CO1 MCS1
% LEHT 1.0000 -0.7048 -0.0211
% CO -0.7048 1.0000 -0.2492
ASC -0.0211 -0.2492 1.0000
LEHT:  linear enamel hypoplasia by tooth; CO: cribra orbitalia; 
MCS: mean combined (male and female) stature
1indicates r 2-value; bold numbers indicate significance; significance
 is considered as values ≤‐0.5 or ≥0.5  
 
The PCA resulted in a high negative correlation between LEH by tooth and CO. Further 
examinations using regression analysis in Microsoft Excel did not result in a correlation 
(r2 = 0.042). This indicated that a Type 2 error, that is, the incorrect acceptance of a null 
hypothesis when it is false (a "false negative"), had likely occurred during analysis. Whilst 
there may be some sort of correlation, the lack of an adequate number of matching data 
points (3) means that this could not be adequately tested. For this reason, both variates 
were included for further examination by the PCA.  
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Figure 7.1 presents the loading plot for these collective nutritional deficiencies from the 
European site samples, and Figures 7.2 and 7.3 illustrate the distribution of the samples by 
site and country. Figure 7.2 demonstrates a number of groupings as indicated by the circles 
on the score plot. In quadrant one, Nusplingen and the Library site samples were grouped 
together, as were those from Smörkullen, Borovce, Eleutherna and Messene. The sample 
from St Helen-on-the-Walls (R) was an outlier on the plot. In the second quadrant, the 
samples from Nin, Bern-Schanze, Jutland, Unterseen and Oberbueren had grouped 
together. Finally, the sample from Kastella (F) was an outlier in quadrant four. There were 
two distinct country groupings as illustrated by the circles in Figure 7.3. These were the 
samples from Switzerland, between quadrants two and three, and the Italian sites, Vicenne-
Campochiaro and Quadrella in quadrant three. 
 
 
Figure 7.1:  Loading plot of collective nutritional deficiencies (CO, LEH by tooth and mean 
combined stature) from the Library site sample and European site samples by PCA 
% CO: % cribra orbitalia; % LEHT: % linear enamel hypoplasia by tooth; MCS: mean combined stature 
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Figure 7.2:  Score plot of collective nutritional deficiencies (CO, LEH by tooth and mean 
combined stature) by site from the Library site sample and European site samples by PCA 
 
 
Figure 7.3:  Score plot of collective nutritional deficiencies (CO, LEH by tooth and mean 
combined stature) by country from the Library site sample and European site samples by PCA 
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Figures 7.4 to 7.6 demonstrate the results of analysis with LEH by individual, which 
included frequencies of LEH for the Swiss and Icelandic samples. With the inclusion of 
these data, the previously discussed groupings were less prominent. The two most 
prominent groupings were the samples from Nusplingen and the Library site, as well as the 
Italian sites, which were even more closely clustered in the third quadrant. The samples 
from St Helen-on-the-Walls (S) and Kastella (G) remained prominent outliers. These 
groupings will be discussed further in section 7.4. 
 
 
Figure 7.4:  Loading plot of collective nutritional deficiencies (CO, LEH by individual and mean 
combined stature) from the Library site sample and European site samples by PCA 
% CO: % cribra orbitalia; % LEHI: % linear enamel hypoplasia by individual; ASC: combined mean stature 
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Figure 7.5:  Score plot of collective nutritional deficiencies (CO, LEH by individual and mean 
combined stature) by site from the Library site sample and European site samples by PCA 
 
 
Figure 7.6:  Score plot of collective nutritional deficiencies (CO, LEH by individual and mean 
combined stature) by country from the Library site sample and European site samples by PCA 
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7.4 Discussion  
This analysis of skeletal indicators of nutritional deficiencies and physiological stress from 
the Library site and other European samples revealed some typical patterns expected for 
both cribra orbitalia and linear enamel hypoplasia. Some differences between the sexes in 
the Library site sample were clear from this analysis, though most were not statistically 
significant. The differences between the main phases of the sample revealed potential 
changing standards of living between the two time periods and the possible impacts of 
social, economic and environmental changes on health between the 12th and 17th centuries. 
The frequencies of both CO and LEH in the sample from the Library site differed from 
the mean frequencies of other European samples examined. However, those sites with 
similar frequencies may provide an indication of the reasons for the Library site sample's 
heightened levels of CO, particularly in Phase B, and for the low frequencies of LEH more 
generally. This section will discuss these issues below in order to gauge further what these 
results indicate in relation to the health of the Library site sample, how this compares to 
the bioarchaeological evidence for heath in Europe, and what factors could have been 
contributing to the frequencies of these indicator of stress. 
7.4.1 Cribra orbitalia (CO) 
The analysis of CO in the Library site sample reveals very few surprises in terms of 
frequency of CO in skeletal material. The majority of lesions in the sample were healed, 
with the majority of the mixed CO cases occurring in young adults. This is unsurprising, 
given that these lesions tend to occur in subadults due to the presence of haematopoetic 
marrow which can produce changes that are visible in subadult remains (Stuart-Macadam 
1998). By adulthood, the majority of lesions have usually healed or have begun to heal, with 
lesions present in adults, in many cases, representative of childhood episodes of stress that 
have not fully remodelled (Stuart‐Macadam 1985). There were no cases of solely active 
lesions from any phase of the Library site sample, only lesions that presented as combined 
healed and active.  
 
The effects of sex on CO in Phase C 
There is a marked difference between the frequencies of CO in males and females across 
the sample (see Table 7.1), with 32.9% of females affected and 24.4% of males. This gap is 
less obvious in Phase B (see Table 7.3), however, the disparity increases in Phase C, with 
over twice as many females experiencing CO than males (see Table 7.5). At the same time, 
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the overall frequency of CO also decreased markedly. The frequency for males dropped 
almost 75% between Phase B and C, whilst the reduction in the female frequency was just 
under 50%.  
 
Firstly, the tendency for CO to affect a particular sex in the archaeological record is 
unclear, with Stuart-Macadam (1998) noting that in 28 studies, the majority of samples 
showed no statistically significant difference between males and females. The other samples 
from Europe examined here did occasionally exhibit higher frequencies of CO in one sex, 
but none of these results were statistically significant. Frequencies amongst males were 
higher in the samples from Bern-Schanze and Unterseen, and slightly higher in females in 
the sample from Oberbueren, but these differences were not considerable. In the Jutland 
sample, males exhibited higher frequencies of porotic hyperostosis than females in the 
total, peasant, early period and Øm Kloster samples. None of these were significant, but a 
number were close to significance (Yoder 2006). The sample from Nova Rača, which 
exhibited a similar overall frequency of CO to the Library site, had greater frequencies in 
females than males, though these were not statistically significant (Šlaus 2002). 
Ethnohistorical data have suggested that females at Nova Rača may have been under 
greater stress (Šlaus 2002). Slaus (2002) proposed that greater levels of CO in females, 
coupled with a greater frequency of LEH, indicate that the sexes likely had differential 
access to foodstuffs or that males were accorded a privileged status due to their importance 
for agricultural activities and defence.  
 
The difference between men and women in the sample from Whithorn was statistically 
significant (Cardy 1997). Cardy (1997) suggests that though this may be related to diet, it is 
perhaps more likely to reflect high disease or pathogen load. As the larger female 
requirement for iron is not evident until after puberty, it is suggested that preferential 
feeding of male children may have played a role in this case, both in conferring greater 
resistance to iron-deficiency anaemia in particular, and promoting better overall nutritional 
status (Cardy 1997).  
 
Differential access to foodstuffs may have lead to greater frequencies of female CO in the 
Library site sample, as suggested in Chapter Six in relation to oral pathological lesions (see 
section 6.6.2). When one considers the greater frequency of CO in females in the sample, it 
is possible, as with Whithorn, that male individuals, particularly children, had greater access 
to nutritionally well balanced foods. Alternatively, greater frequencies of infection in 
females may have influenced the frequencies of CO. Chapter Eight demonstrates that 
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overall, male adults from all age groups exhibited the highest frequency of NSI in the 
sample (see section 8.1.1). However, these frequencies are for adults and do not include 
data for subadults or for periods of growth when CO lesions occur. Thus, this does not 
necessarily indicate whether females had higher frequencies of skeletally manifested 
infection in adolescence. Ultimately, given the differences demonstrated previously 
regarding diet and oral health (See Chapter Six), and that CO is an indicator of sub-adult 
stress, it seems likely that one or both of these influences (i.e. diet, infection) were 
impacting negatively on females in this population, particularly in Phase C. 
 
The effects of phase on CO 
The very high frequencies of CO in Phase B warrant further consideration. All groups in 
Phase B (i.e. males, females, young adults and old adults) had greater frequencies of CO 
than their counterparts in Phase C, though only two of these differences (for males and old 
adults) were statistically significant. This could be indicative of a change in circumstances 
that occurred in Phase C, whether it be through a drop in infection, dietary changes or 
other influences from social, economic or environmental change.  
 
Whilst cribra orbitalia can be caused by a number of diseases, including genetic, neoplastic 
and metabolic diseases (Ortner 2003), given the considerable change in frequencies across 
the population over time, it seems likely that these lesions were caused by environmental or 
external factors, such as a decrease in infectious disease frequencies, including intestinal 
parasitic infection (such as hookworm infection), rather than by any genetic cause.  The 
most likely cause may be a vitamin deficiency (e.g. Vitamin B12 or iron), whether it be 
through a lack of intake or malabsorption due to infection, parasites or dietary inhibitions.  
 
A number of studies described below have linked CO and increasing stress with 
environmental and social changes. High levels of porotic hyperostosis at Poundbury were 
probably the joint products of parasitism, other infectious disease and lead poisoning 
(Stuart-Macadam 1991). Molleson et al. (1993) reported that CO levels from the Christ 
Church sample (not utilised here due to the lack of differentiation between subadult and 
adult data) were linked to poor living conditions, including parasitism and deficient diet 
during childhood. Unsanitary living conditions, including an overcrowded town resulting 
from rapid urbanisation and population growth, could have led to heightened frequencies 
of infection and stress on human health, and was arguably the probable cause for 
frequencies of CO in the sample from Nin (Novak et al. 2012). The presence of malaria 
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may also have contributed to the occurrence of CO in Nin, which is known to have been 
present in the area and is recorded in historical sources (Novak et al. 2012). Evidence for 
CO at Smörkullen in Sweden has been utilised as evidence to indicate poor living 
conditions, malnutrition and environmentally-related stress (Liebe‐Harkort 2012b).  
 
In the Library site sample, the role of parasitism, or lack thereof in Phase C, may be an 
important factor in the decreased frequencies of CO during this period. High parasite loads 
can be prevalent in coastal communities, due to the high frequency of fish-borne parasites. 
Fish-borne parasites today are typically contracted in low and middle income countries, and 
are linked to poverty, intensification of agriculture and environmental degradation (Chai et 
al. 2005). Parasites can be transmitted from fish, as well as other marine protein such as 
molluscs, and predominantly consist of parasites from the helminth group including 
Anisakis spp. and Diphyllobothrium spp., amongst others (Dorny et al. 2009).  
 
The recovery of marine-borne parasites has been documented from a number of 
archaeological settlements, indicating evidence for human intestinal parasitism (Callen and 
Cameron 1960, Patrucco et al. 1983, Gonçalves et al. 2003, Santoro et al. 2003, Bathurst 
2005, Sianto et al. 2009, Le Bailly and Bouchet 2013, Yeh et al. 2014). In the case of Namu, 
a village excavated in Canada,  the presence of four parasite genera, including 
Diphyllobothrium spp. and the concurrent finding of skeletal evidence of CO, suggests that 
the parasite burden may have been a factor in iron-deficiency anaemia (Bathurst 2005). 
Given that the economy of Trondheim was predominantly influenced by the trade of 
stockfish, and that marine-based protein formed part of the diet during Phase B,  
individuals may have been exposed to fish-borne parasites, ultimately heightening the risk 
of increased CO during this period. There is also evidence to suggest that a number of 
parasites, such as Anisakis larvae, can survive the traditional drying process for stockfish 
(Committee on Food Protection 1975, Sikorsky et al. 1998). With the loss of cod fishing 
due to the cooler waters brought on by the LIA around the late 13th century (Christensen 
and Nielssen 1996), and the movement to a greater dependence on land-based livestock for 
protein (Dyrvik et al. 1976, Orrman 2003), exposure to fish-borne parasites may have 
reduced significantly in Phase C. 
 
It is also possible that iron-deficiency was caused by other helminths such as Trichuris 
trichiura, Ascaris lumbricoides and hookworm infection (Necator americanus and Ancylostoma 
duodenal), all of which have been recovered in human coprolite samples from archaeological 
sites (e.g. Gonçalves et al. 2003, Dittmar 2009, Dittmar et al. 2012, Drake and Oxenham 
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2013, Mitchell et al. 2013). Parasitic worms can lead to long-term inflammation and blood 
loss, with the World Health Organization currently estimating that 2 billion people are 
infected worldwide with soil-transmitted parasites, spread through contaminated utensils, 
water and unwashed foodstuffs (World Health Organization 2016). However, given the 
limited survival of Ancylostomids in cold temperatures, their need for constant temperatures 
for survival (Drake and Oxenham 2013), limitation in the past to southern Europe and 
other warmer locations (Gonçalves et al. 2003), and the presence today of Trichuris trichiura 
and Ascaris lumbricoides most commonly in tropical areas, it seems unlikely that there would 
have been an increased risk of contracting one of these parasites during Phase C, when 
conditions would have decreased the chances of parasite survival. However, evidence has 
recently been found for the presence of Ascaris lumbricoides  in the grave of Richard III 
(Mitchell et al. 2013 ), and there is other evidence for parasitic infections in historical 
Europe (da Rocha et al. 2006, Florenzano et al. 2012, Morrow et al. 2014, Mitchell 2015), 
though palaeoparasitological research thus far has predominantly focused on the Americas 
(Gonçalves et al. 2003). Conversely, Diphyllobothrium latum, a parasite found in marine 
sources, has been recovered from archaeological remains at sites in France, Switzerland, 
Germany, Norway and Belgium (Gonçalves et al. 2003). 
 
Other dietary changes or infection may also have contributed to heightened frequencies of 
CO during Phase B and alleviated frequencies in Phase C. Congenital syphilis is a 
possibility, but as Chapters Eight and Nine will demonstrate, there are no adult individuals 
in the Library site sample that display markers consistent with such a diagnosis (and no 
subadults were assessed). Chapter Eight discusses the evidence for non-specific infection in 
the sample. Frequencies of periostitis appear to be fairly similar across the phases, with 
some changes within age and sex groups only. This would appear to indicate that the 
impact of any endemic infectious disease, at least one that manifests skeletally, may have 
remained broadly constant across the general population throughout the 12th to 17th 
centuries. Though, given the long time period which Phase C covers, this claim is made 
somewhat cautiously.  
 
The answer to this difference between the phases may ultimately lie in the great economic 
and social change occurring in Trondheim during this period, along with decreased 
parasitism. As has been demonstrated in previous chapters, during the early 12th century 
Trondheim was generally prosperous, with economic decline occurring towards the end of 
the 13th century (see Chapter Two, section 2.1). During the 12th century, Trondheim was 
likely the most densely populated it had ever been, with a large number of visitors entering 
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into the town. High population density favours an increase in CO, offering increased 
opportunities for disease transmission, poorer sanitation and living conditions, and 
contamination of food and water (Mays 2007). This would likely have put a strain on 
resources, and may have led to an increase in infections which do not manifest skeletally, 
particularly those infections that thrive in densely populated communities, thus impacting 
on levels of CO.  
 
In addition, during Phase B Trondheim traded a great number of goods, particularly 
stockfish (Dyrvik et al. 1976, Orrman 2003). The city traded predominantly for foodstuffs, 
of which cereals were highly important (Dyrvik et al. 1976, Benedictow 1992). A diet high 
in cereals is known to impact on absorption of iron (Baynes and Bothwell 1990, Roberts 
and Manchester 2007). As discussed previously, iron-deficiency may be an important factor 
affecting frequencies of CO. This, coupled with a heightened risk of infection, may have 
led to high levels of CO in Phase B. Such a dietary inhibition to absorption would be 
supported by previous research conducted on samples from the American Southwest, in 
which the authors argued that reliance on plant carbohydrates (specifically maize which 
would not have been consumed at the Library site), acted as an iron inhibitor, thus linking 
it to occurrence of porotic hyperostosis (El-Najjar 1976). This has also been noted in more 
recent literature, with researchers arguing that the presence of phytates in cereals inhibits 
iron absorption thus leading to CO if iron-deficiency is the cause (Baynes and Bothwell 
1990, Klepinger 1992, Stuart-Macadam 1992a, Roberts and Manchester 2007).  
 
The decrease in frequencies of CO in Phase C may stem from depopulation and the shift 
towards a greater reliance on livestock for subsistence due to climatic change. These factors 
may have worked together to reduce CO in individuals from Phase C. Firstly, the high 
population density and poor sanitation in Phase B would have worked to negatively affect 
individual health, by encouraging the development and maintenance of infection. The 
results of population collapse in Norway, predominantly brought on by the bubonic plague 
of AD 1349, may have alleviated the pressures of population density on human health and 
infection in Phase C.  
 
Additionally, the shift away from cereals, due to large-scale farm abandonment, and 
climatic change resulting in low productivity of crops and shorter growing seasons 
encouraged the adoption of more animal protein in the diet (Dyrvik et al. 1976, Parker and 
Smith 1997, Lamb 1995, Grove 2004). Meat contains highly bioavailable heme iron and can 
also enhance non-heme iron absorption, whilst the majority of plant proteins contain 
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inhibitors to absorption such as tannins and polyphenols (Baynes and Bothwell 1990). 
These factors could certainly have impacted on the lower levels of CO exhibited in Phase 
C. If protein levels increased during Phase C, particularly terrestrial protein, this could have 
led to a decrease in dietary-based iron-deficiency in the sample. There could also have been 
a decrease in Vitamin B12 deficiency, as this is often linked to a reduction in the same 
resources or root causes that affect iron-deficiency, such as animal protein and sanitation 
issues (McIlvaine 2013).    
 
Analysis of carious lesions in Chapter Six indicates an increase in caries during Phase C of 
the sample, which does not seem to fit with the notion that the diet in Trondheim had 
moved to a greater reliance on animal protein during this period. Specifically, frequencies 
of caries were significantly higher in young adults and males in Phase C. This would seem 
to suggest a reduction in protein and it has been previously suggested this may indicate 
heightened mortality and stress. However, the role of alcohol has also been posed as a 
factor in both increased carious lesions in males from the sample and a general increase of 
caries in Phase C (see section 6.6.2). It could be that an increase in the consumption of 
alcohol is influencing both an increase in caries and a decrease in frequencies of CO. 
Alcohol has been known to promote iron absorption within the body and increase body 
stores of iron (Baynes and Bothwell 1990, Duane et al. 1992, Whitfield et al. 2001, Ioannou 
et al. 2004).  
 
The effects of geographical location on CO 
It would appear that in comparison to the other samples from Europe, frequency of CO in 
the Library site sample was fairly typical (30.0%), and just above the collective mean for the 
samples (25.8%).  
 
Only one sample, St Helen-on-the-Walls (67.9%), had a frequency of CO higher than the 
sample from Phase B  (42.4%) of the Library Site. In the case of St Helen-on-the-Walls, 
differential diagnosis determined that this was the result of iron-deficiency anaemia (Grauer 
1993). It is clear that there were stressors present within this population that led to both 
high CO and periosteal infection within adults from the sample. The presence of periosteal 
and parasitic infection suggests these could have played a part in the high levels of CO, 
particularly if dietary levels of iron were already low. However, the authors do note that the 
two are not concurrent; rather, CO had an earlier age of onset than the periosteal reactions, 
with most lesions not appearing together (Grauer 1993). Nevertheless, given the group's 
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poor socio-economic standing and their urban environment, the high levels of CO and 
infection are unsurprising, although why these are so much higher than other urban areas 
included for analysis, such as Bern-Schanze and Whithorn, remains unclear. The authors 
cautiously suggest that the movement from weaning to a low protein and high 
carbohydrate diet may have precipitated both CO and led to an increased susceptibility to 
infectious diseases (Grauer 1993).  
7.4.2 Linear enamel hypoplasia (LEH) 
Analyses of LEH at the Library site revealed low levels of hypoplastic defects, at least 
compared to other samples in Europe and Scandinavia (Table 7.21 refers). As expected, the 
majority of these hypoplastic defects occurred in the younger adult age groups. The lower 
frequency of hypoplastic defects in older adult groups may suggest a link between increased 
levels of LEH and lower age at death, as has been suggested for Man Bac and a number of 
other samples globally (Goodman and Armelagos 1988, Duray 1996, Saunders and 
Keenleyside 1999, Oxenham and Domett 2011). This result is indicative of selectivity, in 
that those individuals dying at a younger age also had a high frequency of hypoplastic 
defects. Around 6.4% of individuals from the sample experienced hypoplastic defects, with 
the majority of these experiencing three or more defects (see Tables 7.12 and 7.14). This 
demonstrates that the burden on these individuals was generally consistent and occurred 
throughout their development phases.  
 
Below is a discussion relating to the effects of sex, phase, site and geographical location on 
frequencies of LEH. The following aspects were selected for discussion as marked 
disparities were apparent upon examination of the results. The pattern of hypoplastic 
defects in the Library site sample dentition are also discussed due to the consistency of this 
pattern with the archaeological record.  
 
The patterns of LEH defects in dentition 
Higher frequencies of LEH in the incisors and canines, as opposed to the premolars and 
molars, certainly fit with the pattern of higher frequencies of hypoplastic defects in earlier-
developing tooth crowns, such as the anterior teeth (Larsen 2015). The mandibular canine 
has been found to have one of the greatest frequencies of hypoplastic defects in the 
archaeological record, along with the maxillary central incisors (Goodman and Armelagos 
1985). The tendency for LEH to occur on the mandibular canines was certainly evident in 
232 
 
the sample from the Library site, with 21.2% of mandibular canines exhibiting hypoplastic 
defects, compared to 4.5% of maxillary canines. The same patterns were not reflected for 
maxillary incisors with similar frequencies in both maxillary and mandibular incisors. 
Goodman and Armelagos (1985) argue, however, that development of tooth crowns goes 
only part of the way to explaining differences in LEH frequencies by specific tooth type, 
although this remains a governing factor. They also note that the canines are more 
susceptible to defects in later years (Goodman and Armelagos 1985), which could indicate 
that individuals at the Library site experienced periods of developmental stress later in their 
childhood and adolescence.  
 
The effects of sex on LEH in Phase C 
Sex differences were not immediately obvious when assessing the data for LEH from 
across all the phases of the Library site (see Tables 7.12 to 7.14). There were also no defects 
recorded for males in Phase B, but given the very low levels of LEH in the female group, 
this is unsurprising and is probably not a noteworthy result. However, males exhibited a 
higher frequency of LEH than females in Phase C (see Table 7.17).  
 
Sex differences in the frequency of LEH in the archaeological and clinical record are 
variable. In Lukacs and Joshi's (1992) analysis of modern Rajputs, where a strong male 
preference system occurs, no statistically significant difference was found between the 
sexes, although males did exhibit slightly higher frequencies of LEH. Storey's (1998) 
examination of Copán skeletons also did not reveal any major sex differences. A number of 
the chosen comparison samples did have sex related differences in LEH frequency, 
particularly indicating a greater frequency of males affected. This occurred in the Wharram 
Percy sample, with the author arguing that the greater frequency in males reflected either a 
greater predisposition towards LEH expression, or poorer childhood conditions for this 
sex, particularly favouring the former rather than the latter (Mays 2007). Males also had a 
greater frequency of hypoplastic defects than females in the sample from Nin (Novak et al. 
2012), but this difference was not statistically significant. Contrary to this, female 
individuals from Nova Rača exhibited a consistently higher frequency of LEH defects than 
their male counterparts (Šlaus 2000). Slaus (2000) suggested that adult females experienced 
greater amounts of subadult stress than males, which was also confirmed by the higher 
frequency of CO in females.  
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Some other research has been conducted regarding the sex differences in hypoplastic 
defects in clinical samples. Guatelli-Steinberg and Lukacs (1999) conducted research into 
the sex difference of frequencies of LEH in human and non-human primates. This 
research was conducted initially on the premise that firstly, male dentition has a greater 
susceptibility to development of hypoplastic defects and secondly, that composition and 
development of enamel in male dentition was more predisposed to LEH development. The 
research concluded that sex differences were often not significant, and in the cases where 
they were, there was a weak influence of greater male vulnerability on occurrence of 
hypoplastic defects (Guatelli‐Steinberg and Lukacs 1999). This study found that the 
composition and development of enamel had a limited or unknown impact on LEH 
expression, but that higher defect counts in great ape male canines may have resulted from 
longer formation times than in females (Guatelli‐Steinberg and Lukacs 1999). They 
concluded that generally, if sex bias does exist, cultural impacts have far more influence on 
LEH development than male vulnerability or dental composition (Guatelli‐Steinberg and 
Lukacs 1999). 
 
As for the Library site sample, the above analyses demonstrate that sex differences in Phase 
C could have been caused by a number of biological, environmental and social influences. 
Generally speaking, the low levels of LEH in the Library site sample would suggest that, in 
comparison to other European samples with greater overall frequencies of LEH, childhood 
development was not as adversely disrupted. This would suggest that dietary factors may 
not have been a contributing factor to higher levels of LEH in males. This is also in 
contrast to higher CO in females across the site, and would suggest that perhaps in this 
case, biological factors such as earlier exposure of male teeth, may be influencing greater 
frequencies in male individuals.  
 
The effects of phase on LEH 
Phase B exhibited exceptionally low frequencies of LEH (Tables 7.15 and 7.16 refers). 
Conversely, the frequency of LEH in Phase C was far greater, at 13.7% (see Tables 7.17 
and 7.18). These frequencies are particularly interesting when viewed in the context of the 
frequencies of CO in the sample. In contrast to frequencies of LEH, Phase B exhibited 
greater frequencies of CO in observable adults, and Phase C exhibited a reduction. Calculus 
did obscure the labial surface of a high number of teeth but frequencies of calculus were 
fairly similar between the phases, with 22.8% of observable teeth from Phase B and 27.3% 
from Phase C affected,  to varying degrees (see Chapter Six, section 6.2). 
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The economic prosperity of Trondheim was at its height during Phase B until the end of 
the 12th century. In this case, it seems logical that Phase C would have led to higher levels 
of stress due to dietary deficiencies, and thus LEH. These dietary deficiencies could have 
been caused by crop failures, the spread of the bubonic plague in AD 1349 or economic 
decline.  
 
What is not clear is why the frequency of CO dropped during this period when LEH levels 
increased. LEH is defined as a developmental defect related to generalised disturbances, 
with most studies interpreting such defects as indicators of Selyean stress, that is, stressors 
from non-specific environmental factors that disturb normal physiological growth (Bush 
1991, Hillson 1996). Despite the specific aetiology often remaining unknown, it is generally 
thought that hypoplastic defects occur as the result of nonspecific physiological disruption 
(Goodman and Armelagos 1985). Cribra orbitalia too, is considered a marker for assessing 
general health and nutritional status of human populations, but is far more specific in its 
aetiology.  
 
If viewing cribra orbitalia simply as a childhood episode of iron-deficiency anaemia, 
keeping in mind there are many other varied causes to this pathology, the reason for the 
differences between frequencies of CO and LEH becomes clearer. The loss of population 
and movement towards greater reliance on livestock in Phase C may have made acquiring 
protein easier, along with the potential impacts of a reduction in marine protein, and thus 
fish-borne parasites, on the absorption of iron. These influences may have reduced the 
frequency of CO while not completely mitigating childhood stress and trauma that would 
have impacted on enamel development. 
 
An increase in LEH frequencies in Phase C could have been influenced by all of these 
factors. Whilst access to protein may not have been a problem in Phase C, and CO 
frequencies indicate that iron-deficiency (or other vitamin deficiencies related to CO) 
decreased during this period, a reduction in arable land and the decline of Trondheim as an 
important trading port could have impacted on the availability of other foodstuffs. In 
addition, Chapter Eight (section 8.1) suggests that there was an increase of infection in 
young adult women during Phase C, which may also be indicative of physiological strain on 
children. Lastly, if there was greater participation of women in agricultural labour, as 
suggested in Chapter Eight, children may have been weaned earlier in order for women to 
take up agricultural or other work. This could have negatively affected children during the 
235 
 
formation of permanent teeth, and forced them to transition to a more limited diet of solid 
food at an earlier age. Nevertheless, whilst the frequency of LEH suggests children may 
have been under greater physiological stress during Phase C, this is not as marked as in 
other European samples, and generally indicates overall good health and access to nutrition 
comparatively. An analysis of subadult health at the site would improve our understanding 
of these aspects. 
 
The different influences on frequencies of LEH and CO, and the difference in frequencies 
within the Library site sample demonstrates that whilst these skeletal indicators are often 
used together to discuss physiological stress in populations, their causes are quite different 
and not necessarily aligned. This demonstrates that the relationship between LEH and CO 
is complex, and each can be caused by a range of factors that are not necessarily linked.  
 
The effect of site on LEH 
The low frequency of hypoplastic defects in the Library site sample is in stark contrast to 
previous analyses of other Trondheim material, published in LEHs in Medieval Scandinavia: 
Preliminary Analysis (Hanson and Miller 1997). In this report, Hanson and Miller (1997) 
analysed 1,068 teeth from the permanent dentition of over 900 individuals from medieval 
samples in Denmark, Norway and Greenland. Details on the age and sex determinations of 
the Trondheim individuals are available in Hanson's PhD dissertation (1986), which is 
unfortunately, not widely available. This makes it difficult to ascertain how these 
determinations were carried out, and where in Trondheim these individuals were excavated, 
particularly considering the vast amount of skeletal material that has been excavated from 
the city. Hanson did publish an analysis of stature reconstruction from the St Gregory's 
Church site in Trondheim (Hanson 1992), from which it is probable that the data for LEH 
analyses also came.  
 
Despite both samples dating from similar time periods (AD 1150-1350 in the case of St 
Gregory's Church) the frequencies of LEH between these two groups could not be more 
different. The highest frequencies of LEH in Hanson and Miller's (1997) analysis were 
recorded for the Trondheim sample, ranging from 4.41% to 43.62% of dentition affected, 
depending on tooth class, with the posterior teeth demonstrating lower frequencies of 
hypoplastic defects than anterior teeth. Overall frequencies of LEH were not determined. 
These numbers were based on the examination of 527 teeth, the majority being permanent 
dentition from individuals of unknown sex. The Library site sample's overall frequency of 
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1.8% for all dentition observable does not seem to fit with this other examination into the 
health of a population in Trondheim during this time. When comparing directly to Phase C 
of the Library site sample (13th - 17th centuries), this discrepancy becomes less dramatic, 
with 13.7% of incisors and canines and 1.5% of premolars and molars affected with 
hypoplastic defects, but even this does not compare to the high frequencies of LEH at St 
Gregory's Church, which were similar to the frequencies of LEH from the sample taken 
from Nidaros Cathedral in Trondheim. In this sample 12.5% of adult individuals with 
recovered dentition displayed evidence for LEH. Subadults were also assessed, with a total 
of 17.7% of individuals with dentition overall exhibiting hypoplastic defects (Hughes 1998).  
 
A number of factors could explain this discrepancy between the frequencies of LEH in the 
Library site and St. Gregory's Church samples. Foremost is the role of calculus in the 
Library site sample. Hanson and Miller's (1997) analysis of LEH in Trondheim does not 
refer to levels of calculus at any of the listed sites across Scandinavia, so it is difficult to 
know if this played a part in obscuring the surfaces of teeth for examination or if this was 
inconsequential. However, this analysis of the Library Site sample revealed high levels of 
calculus amongst the majority of teeth in both phases. Of observable teeth, 24.2% 
presented with calculus on the labial surface, making examination for LEH difficult, 
particularly considering the majority of hypoplastic defects on teeth from the Library site 
sample were situated on the gingival half of the tooth and were mostly only mild to 
moderate in severity. In addition to this, a number of teeth from the Library site sample 
were removed for examination by another research group and subsequently destroyed (see 
section 3.2). These were unable to be examined prior to removal for any pathological 
lesions of the dentition, including LEH. A difference in methodology could also be 
affecting the differential frequencies of LEH presented here, though this is unlikely as the 
methods described by Hanson and Miller was very similar to that undertaken in this 
examination - scoring of presence on the tooth macroscopically.  
 
Hanson's (1992) analysis of stature from St Gregory's Church recorded a much lower mean 
male stature than the Library site sample of 170.2 cm and 158.1cm for females. This is 
much lower than the mean for the Library site, 173.26 cm and 162.02 cm for females 
respectively (see Table 5.23). This, considered with the heightened frequencies of LEH, 
may indicate greater stress during growth periods of individuals buried at St Gregory's 
Church. These populations may also have been of different social statuses, thus leading to 
this disparity. 
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The effect of geographical location on LEH 
The frequencies of LEH in the Library site sample were quite low, with the population 
appearing to be less compromised physiologically during growth years than its counterparts 
elsewhere in Europe. Similar frequencies of LEH were recorded for the samples from 
Eleutherna (Crete), Messene and Sourtara Galaniou Kozanis (Greece).  
 
The low frequencies of LEH at Eleutherna are particularly interesting, in view of the 
presence of CO and a case of possible scurvy which Bourbou (2003) has suggested is 
evidence for increased infection frequencies and a lack of access to a varied diet. This is in 
contrast to the group from Messene, where the higher economic status of this community 
is more in line with the lower frequency of LEH. However, for both samples the number 
of incisors and canines (which are most likely to experience hypoplastic defects) in the total 
number of teeth was not recorded. Ante-mortem tooth loss and heavy supragingival 
calculus are both prominent features of these samples. It seems reasonable to assume that 
calculus may have been inhibiting examination of teeth, and that a number of teeth, 
particularly incisors and canines, could have been lost either post or ante-mortem, skewing 
results toward the lower end of the scale for the samples from Crete and Greece.  
 
In the case of Sourtara Galaniou Kozanis, ante-mortem tooth loss was a prominent feature 
of the collection, with 24.0% of teeth lost, the majority of these from the mandible, though 
it is not clear whether these were predominantly anterior or posterior teeth. Only two teeth 
in this sample presented with hypoplastic defects, both mandibular teeth. The low 
infectious disease frequency in the sample, along with the low frequencies of LEH, 
suggests good living conditions and nutritional status throughout childhood and 
adolescence (Bourbou and Tsilipakou 2010). However, it is not altogether clear whether 
loss of anterior teeth post or ante-mortem was affecting rates of LEH in this sample. 
 
Despite high levels of calculus that would have inhibited examinations for LEH, both 
samples from Italy, Quadrella and Vicenne-Campochiaro, had the highest frequencies of 
LEH amongst the 20 reported samples. It is clear that both this and the high frequencies of 
CO indicate that the health of these populations was poor, with individuals under a great 
deal of physiological stress. Where development of LEH is related to levels of physiological 
stress, this can be associated with systemic diseases, neonatal disturbances and nutritional 
deprivation (Larsen 2015). The authors suggest that these high frequencies could be 
associated with the transition to weaning, and the introduction of a protein-deficient diet 
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(Belcastro et al. 2007). This hypothesis is reinforced by high infant mortality rates of 27.0% 
and 25.0% at Quadrella and Vicenne-Campochiaro respectively (Belcastro et al. 2007).  
 
The LEH frequencies amongst individuals for the three samples from Switzerland are also 
high, with 72.9% of individuals affected in the sample from Bern-Schanze. Age of peak 
onset for hypoplasias was around 3 years of age for males and 4 years of age for females. 
The authors consider that the number affected was fairly modest, suggesting that the 
underlying stresses were not intensive (Ulrich-Bochslerr et al. 2008). The distribution of 
frequencies certainly fits in with the expected differences between socio-economic classes, 
with the urban lower class from Bern-Schanze exhibiting the highest frequency, and the 
urban middle and upper class from Unterseen the lowest. Even still, the frequency at 
Unterseen, 32.6%, is higher than a number of the other samples. It is possible that 
environmental and social factors, such as seasonal access to food and housing conditions, 
particularly in a harsh climate, may have contributed unfavourably to childhood 
development at these three sites, including Unterseen (Ulrich-Bochslerr et al. 2008).  
 
As previously suggested, the low frequency of LEH at the Library site in comparison to 
these European samples would appear to suggest that individuals were less biologically 
stressed in Trondheim during their formative growth periods. Given Trondheim's coastal 
position, its status as a trading port (particularly during Phase B), and the fertility of land in 
Sor-Trøndelag, it seems plausible that access to a variety of foodstuffs would have been 
greater than in land-locked areas such as the samples from Switzerland. The population in 
Trondheim may have also had longer weaning periods in Phase B, with the transition to 
solid foods cushioned by a wide-ranging diet.  
7.4.3 Collective nutritional deficiencies in the European and Library site samples 
The PCA analysis undertaken signals only one clear grouping, the Italian samples. The 
Library site also appears to cluster with Nusplingen throughout PCA analyses for both 
LEH by tooth and by individual. The two outliers, Kastella and St Helen-on-the-Walls, 
appear to be influenced by low mean stature and high frequencies of CO respectively, from 
comparisons with the associated loading plot (Figure 7.4).  
   
Nusplingen and the Library site samples are likely grouped together due to low levels of 
LEH by tooth and individual in both samples. These two samples also have similar 
frequencies of CO and stature, but their placement in comparison to the loading plot is 
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clearly influenced by frequencies of LEH. Jakob (2009) notes that in the German samples, 
the low frequencies of LEH in deciduous teeth attest to low pre-natal stress. Whilst 
deciduous teeth were not examined at the Library site, its clustering with another site which 
experienced low childhood stress is logical given that this was likely also the case at the 
Library site.  
 
When compared to the loading plot (Figure 7.1) it is clear that the clustering of the two 
Italian samples is influenced by the higher-than average frequencies of LEH by tooth in 
both of these samples. As previously discussed, this is not surprising given the high 
frequencies within both these groups, and the likelihood of poor living conditions during 
early childhood, with a low-protein diet and lack of sanitation (Belcastro et al. 2007). The 
role of social and environmental variables such as diet, settlement type and climate will be 
further explored statistically in Chapter Ten and may shed further light on the grouping of 
these examples and help to determine if one or all of these factors were influencing 
nutritional deficiencies in these samples. The addition of other information will enhance 
analysis of the factors affecting the occurrence of these lesions 
7.5  Summary 
This chapter has analysed and discussed the evidence for skeletal indicators of nutritional 
deficiencies and childhood stress in the Library site sample, and placed this in the context 
of frequencies of CO and LEH across Europe, as well as social, economic and 
environmental changes occurring during the period from which the sample dates. This has 
aided in our understanding of the general health and wellbeing of this population, the 
potential influences on nutrition and biological stress, how the health of this population 
compares to contemporary European samples and the picture of European palaeohealth 
more broadly.  
 
The frequency and patterns of cribra orbitalia at the Library site were fairly typical of 
skeletal manifestations of this pathology in adults. The majority of lesions were healed, with 
some instances of mixed reactions and no evidence for active lesions. The higher frequency 
of CO in females could have been due to differences in subsistence between the sexes, 
higher rates of infection, or a combination of these factors. 
 
In comparison to other European samples examined, the frequency of CO in the Library 
site sample as a whole was just above the collective mean for CO. However, frequencies in 
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Phase B were quite high, with only the sample from St Helen-on-the-Walls exhibiting 
higher frequencies of the pathology, which may have been due to a transition during 
weaning to a low protein, high carbohydrate diet. This could have also been occurring at 
the Library site, as during Phase B the local diet would have relied heavily upon cereals for 
the majority of caloric intake (see Chapter Two, Section 2.2). When compared to the other 
European samples, these two results would appear to suggest higher levels of stress during 
childhood and adolescence in the Library site sample when compared to the mean rate of 
CO in the other samples. This suggests that while levels of CO declined during Phase C, 
there still remained important factors impacting on levels of CO that were not necessarily 
present at the other sites, or not to a great extent. As suggested, this difference was likely 
due to either a decreased intake of parasites in protein, or an increase in protein intake as a 
more significant portion of the diet. These comparisons suggest that despite these changes 
across time at the Library site, consumption of protein, or at least terrestrial protein, high in 
iron, was less than their European counterparts. Given the strong focus of the economy on 
stockfish, particularly during Phase B, this seems a logical explanation for the higher-than 
average rates of CO.  
 
A decrease in frequency of cribra orbitalia occurred during Phase C, which could be 
indicative of an increased intake of alcohol which can both promote carious lesions and 
absorption of iron. More importantly, a reduction in the consumption of marine protein 
could have led to decreased intake of fish-borne parasites, leading to decreased frequencies 
of CO. It is also possible that a reduction in population density related to economic decline 
and the bubonic plague may also have lessened infectious disease loads on the population. 
The onset of the LIA likely led to an increased reliance on livestock due to the loss of 
arable farming land in Sor-Trøndelag and a decline in productivity, reducing the region's 
ability to produce cereals. This, coupled with the effects of the LIA on Trondheim's main 
export commodity, cod, would have resulted in a reduced capacity to purchase the grains 
predominant in the local diet and thus, an increased reliance on livestock that could more 
easily be raised in harsher climatic conditions. An increase in terrestrial protein, coupled 
with a decrease in marine protein, could have increased iron stores in the body, or 
promoted intake of other vitamins, such as B12, leading to decreased levels of CO. 
 
The levels of linear enamel hypoplasia in the sample from the Library site were very low, 
particularly during Phase B. This was in contrast to another sample from Trondheim dated 
to the same period, which exhibited very high levels of hypoplastic defects. These low 
levels were likely, in part, due to the post-mortem loss of teeth at the Library site, the role 
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of calculus in obscuring the surfaces of teeth and to possible differences in social or 
economic status, further indicated by differences in mean stature between the two groups. 
The higher frequencies of LEH in Phase C were also generally low in comparison to 
contemporary European samples, indicating good living conditions in Trondheim during 
this period and across the phases. 
 
An increase in LEH occurred during Phase C. As discussed above, cribra orbitalia 
frequencies decreased during this period. The rise in LEH could be due to a number of 
factors, and it was determined that it was worth bearing in mind that the factors 
contributing to frequencies of CO and LEH are not necessarily the same, or may not have 
been affecting these indicators in the same way. Whilst consumption of protein is likely to 
have remained stable or increased throughout the phases of the Library site sample, 
economic and climatic decline may have led to difficulties in accessing a wider variety of 
foodstuffs. Additionally, higher frequencies of infection in young adult females and a 
possible increase in their participation in agricultural labour (see Chapter Eight), may have 
impacted on weaning age and overall childhood health.  
 
The sex difference in LEH frequencies was most obvious in Phase C, with males exhibiting 
a greater frequency of defects. This was also the case for the majority of samples analysed. 
Previous research into LEH differentiation between the sexes has suggested that culture 
likely has a greater influence on LEH than male vulnerability, biology or dental 
composition. This would suggest, in this case, that differential access to nutrition during 
growth years may have led to a greater frequency of LEH in male individuals. However, the 
conflicting evidence here between frequencies of LEH and CO, as well as oral health in 
males and females suggests that differential access to nutrition may not be the only factor 
contributing to higher frequencies of LEH in males. Clearly, the reasons for a difference in 
the frequency of LEH between the sexes in the Library site sample are complex, with a 
number of influences, biological and social, likely contributing. 
 
Direct comparisons of rates of LEH in the Library site sample to the other European 
samples is in stark contrast to those for CO. Low frequencies of LEH suggest that, 
contrary to the results for CO, individuals at the Library site were under less physiological 
stress than their counterparts during the years of adult tooth growth. However, this could 
be unrelated to intake of protein, and could be, as suggested, a result of access to a wider 
variety of foodstuffs, a longer weaning period and lower pathogen load, particularly during 
childhood and adolescence. This also serves as a caution to view skeletal manifestations of 
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stress holistically, and that each indicator must be explored and analysed within its own 
independent context.  
 
Principal component analysis conducted on the collective samples revealed only one 
obvious cluster, that of the Italian samples, which are likely grouped together due to the 
high levels of LEH in both samples. These frequencies were attributed to early weaning 
periods, poor sanitation and low dietary protein. Further analyses in Chapter Ten will bring 
together this and other frequencies of pathological lesions with other data in order to 
determine if social and environmental variables had a relationship with the frequency and 
distribution of skeletal manifestations of disease and health across medieval and early 
modern Europe.  
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Chapter Eight 
Non-Specific Infection 
 
This chapter will assess and discuss the evidence for non-specific signs of infection (NSI) 
in the Library site and European samples. These analyses aim firstly to determine the extent 
of indicators for non-specific infection in this population, secondly to establish any 
significant differences by sex, age and phase and thirdly to place the Library site sample in 
the context of health in Europe by comparing it to other contemporary European samples. 
The following analyses will further add to the picture built upon in previous chapters 
regarding the health of the skeletal remains from the Library site sample. This includes how 
their collective health compares to other samples from Europe and may present initial 
evidence for specific infectious diseases in the population. Finally, discussions of the results 
of examinations into the non-specific signs of infection and the differences by sex, age, 
phase and geographical location may point to the influence of social, economic or 
environmental factors on frequencies of infection in this and other samples.  
 
Many factors can contribute to infection of the skeleton with osteomyelitis, osteitis and 
periostitis, including bacteria (such as hematogenous infection), trauma, scurvy and venous 
insufficiency (Resnick and Niwayama 2002, Šlaus 2002). As infection from periostitis is 
rarely fatal (Shuler 2011, Larsen 2015), the presence of infectious lesions can demonstrate 
the impacts of daily activity, infective pathogens, malnutrition and, as has been 
demonstrated by samples in England and Denmark, the potential for a heightened risk of 
mortality (Usher 2000, DeWitte and Wood 2008). A number of factors can impact on the 
prevalence of periostitis including individual immunity, hygiene, social status, population 
density, virulence of parasites, malnutrition and other environmental factors (Roberts and 
Manchester 2007). The effect of increasing population size and density on the levels of 
infection within a community are well known, as is the relationship between nutrition and 
infection (Larsen 2015). Thus, this analysis will provide insight into changing patterns of 
infection between the main phases of the Library site sample and across Europe, and how 
the above factors might be influencing health in these populations and Europe more 
broadly.  
 
Due to the issues surrounding the differentiation between osteitis, osteomyelitis and 
periostitis, particularly in the absence of x-rays and skeletal lesions such as cloacae or 
involucrum, osteitis, osteomyelitis and periostitis will be considered jointly here under the 
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label non-specific infection (NSI). In the individuals exhibiting NSI, periostitis is most 
commonly affecting the bone, and is certainly the most prevalent of the three in the 
bioarchaeological record. In some individuals, it may be possible to determine a specific 
infective agent. However, in the majority of instances, the causative infection cannot be 
confirmed. Those for which such a diagnosis was possible are included in Chapter Nine, 
which discusses the differential diagnoses of individual skeletons.  
 
This chapter will present the results of analyses into the presence of NSI, and will be 
followed by a discussion of these results. Individual sections will discuss the results from all 
the phases of the Library site (Phases A, B and C), Phase B, Phase C, and a comparison of 
these to one another and to the European samples. The interactions of interest, including 
sex, age and phase, will inform the layout of tables presenting frequencies of pathological 
lesions and statistical modelling of the data. Frequencies of NSI by individual, tibia and 
fibula, which are the most commonly affected bones in the bioarchaeological record 
(Ortner 2003, Roberts and Manchester 2007), and NSI by bone count will all be addressed 
in these sections. 
 
A generalised linear model (GLM) will be applied to frequencies of NSI by individual and 
bone in order to ascertain the relationships between and within factors such as sex, age and 
phase with the frequencies of NSI. For the purposes of statistical modelling, only 
individuals of determined sex and age (i.e. young adult or old adult) have been included, 
which accounts for the different frequencies of lesions present in the text.  
 
In contrast to previous chapters, a principal component analysis (PCA) will not be 
undertaken, due to the absence of multiple variates for non-specific infection, as there have 
been for nutritional deficiencies and childhood stress and oral health. Instead, an analysis 
of the correlations of NSI by bone count will be presented and following this, a discussion 
regarding frequencies of NSI across the Library site and other European samples. 
8.1  Results - non-specific infection 
This section will summarise the frequencies of NSI within the Library site sample and 
compare frequencies of NSI between phases and to frequencies from other European 
samples.  
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8.1.1 All phases (A, B, C) 
Tables 8.1 to 8.5 summarise the frequencies of NSI in individuals by sex and age for all 
phases of the sample. Table 8.1 summarises the total frequency of NSI by individual. All 
individuals were included on the basis of the presence of observable bones and individuals 
with at least one bone displaying periostitis were counted to determine frequencies of NSI.  
 
Overall, 18.8% of the individuals in Library site sample exhibited NSI in one or more 
bones. Of these, the frequency was slightly higher in males (23.2%) than females (17.8%). 
The frequency of NSI was slightly higher in old males (27.6%) than young males (17.4%) 
and old females (21.3%) than young females (13.2%).  
 
Table 8.1: Summary table of sex and age frequency of total NSI by individual in all phases of 
the Library site sample 
N1 N2 %NSI3
Female YA 53 7 13.2
OA 47 10 21.3
?Adult 7 2 28.6
Subtotal 107 19 17.8
Male YA 46 8 17.4
OA 29 8 27.6
?Adult 7 3 42.9
Subtotal 82 19 23.2
?Sex YA 22 5 22.7
OA 11 0 0.0
?Adult 44 7 15.9
Subtotal 77 12 15.6
Total 266 50 18.8
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable
2total number of individuals affected
3total number of individuals affected/observable (x100)  
 
Tables 8.2 and 8.3 separate these overall frequencies into individuals with tibial NSI and 
fibular NSI respectively. There was a slightly higher frequency of tibial NSI (19.6%) than 
fibular NSI (18.9%). Once again, males (24.1%) had a higher frequency of tibial infection 
when compared to females (19.4%). The frequency of tibial NSI in young males (18.2%) 
was twice that of young females (9.1%). Old females (28.0%) and old males (29.4%) 
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exhibited greater frequencies of tibial NSI than young females (9.1%) and young males 
(18.2%).  
 
As demonstrated by Table 8.3, males had a higher frequency of fibular NSI (19.6%) than 
females (16.1%). Young females (8.6%) and young males (15.6%) exhibited lower 
frequencies of fibular NSI when compared to old females (20.8%) and old males (20.0%).  
 
Table 8.2: Summary table of sex and age frequency of tibial NSI by individual in all phases of 
the Library site sample 
N1 N2 %NSI3
Female YA 33 3 9.1
OA 25 7 28.0
?Adult 4 2 50.0
Subtotal 62 12 19.4
Male YA 33 6 18.2
OA 17 5 29.4
?Adult 4 2 50.0
Subtotal 54 13 24.1
?Sex YA 8 1 12.5
OA 0 0 0.0
?Adult 24 3 12.5
Subtotal 32 4 12.5
Total 148 29 19.6
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ tibiae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both tibiae
3total number of individuals affected/observable (x100)  
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Table 8.3: Summary table of sex and age frequency of fibular NSI by individual in all phases of 
the Library site sample 
N1 N2 %NSI3
Female YA 35 3 8.6
OA 24 5 20.8
?Adult 3 2 0.0
Subtotal 62 10 16.1
Male YA 32 5 15.6
OA 20 4 20.0
?Adult 4 2 50.0
Subtotal 56 11 19.6
?Sex YA 8 3 37.5
OA 0 0 0.0
?Adult 22 4 18.2
Subtotal 30 7 23.3
Total 148 28 18.9
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ fibulae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both fibulae
3total number of individuals affected/observable (x100)  
 
Table 8.4 summarises the sex and age frequencies of bilateral tibial and fibular NSI by 
individual across the Library site sample. Frequencies of bilateral NSI in both bones were 
very similar, 13.7% for tibiae and 13.6% for fibulae. Overall, 15.3% of the population had 
bilateral tibial and/or fibular NSI. Males with two tibiae and/or fibulae had a higher 
frequency of bilateral NSI (16.3%) than females (11.9%). This pattern only differs in the 
case of frequencies of bilateral fibular NSI, where old females (23.5%) had a greater 
frequency than old males (12.5%). In both sexes, old adults had higher frequencies of 
combined bilateral NSI. This was replicated both for bilateral tibial and fibular NSI if taken 
individually.  
 
 
 
 
 
 
 
 
 
 
 
 
248 
 
Table 8.4: Summary table of sex and age frequency of bilateral tibial and fibular NSI by 
individual in all phases of the Library site sample 
n1 T/F n2 N3 BI T/F Obs. %BI4 T/F N5 BI TF Obs (%)
Female YA 32 29/28 2/2 6.9/7.1 2 (6.3)
OA 24 20/17 3/4 15.0/23.5 4 (16.7)
?Adult 3 3/2 1/1 33.3/50.0 1 (33.3)
Subtotal 59 52/47 6/7 11.5/4.9 7 (11.9)
Male YA 28 28/28 4/3 14.3/10.7 4 (14.3)
OA 19 16/16 4/2 25.0/12.5 4 (26.3)
?Adult 2 2/2 0/0 0.0/0.0 0 (0.0)
Subtotal 49 46/46 8/5 17.4/10.9 8 (16.3)
?Sex YA 5 5/6 1/2 20.0/33.3 2 (40.0)
OA 0 0/0 0/0 0.0/0.0 0 (0.0)
?Adult 18 14/11 1/1 7.1/9.1 2 (11.1)
Subtotal 23 19/17 2/3 10.5/18.8 3 (13.0)
Total 131 117/110 16/15 13.7/13.6 18 (15.3)
T: tibia; F: fibula; BI: bilateral involvement
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1number of individuals with observable tibia and/or fibula (both sides)
2number of individuals with observable bilateral tibiae/fibulae
3number of individuals with NSI affecting bilateral tibiae/fibulae
4% of individuals with NSI affecting bilateral tibiae/fibulae
5total number of individuals with NSI affecting bilateral tibiae and/or fibulae  
 
Summaries of frequencies of NSI by bone, divided by sex and age, are presented in Tables 
8.5 to 8.8 for all phases of the sample. After the tibia (17.9%) and fibula (16.7%), no other 
bones had particularly high frequencies of NSI. The next most commonly affected bones 
were the manubrium (4.8%), femur (2.5%) and scapula (2.1%). The overall frequencies in 
males and females were 1.4% and 1.3% respectively (see Tables 8.6 and 8.7). Males had 
higher frequencies of tibial NSI (22.4%) and fibular NSI (15.7%) than females, with 
frequencies of 17.2% and 15.6% respectively. Old adults of both sexes had the highest 
frequencies of NSI in the tibia and fibula.  
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Table 8.5: Summary table of overall frequency of total NSI by bone in all phases of the Library 
site sample 
Element Total n1 Total N2 %NSI
Tibia 268 48 17.9
Fibula 258 43 16.7
Manubrium 42 2 4.8
Femur 316 8 2.5
Scapula 94 2 2.1
Humerus 309 6 1.9
Clavicle 229 4 1.7
Radius 256 3 1.2
Ulna 267 3 1.1
Metatarsals 1115 12 1.1
Calcaneus 282 2 0.7
Mandible 146 1 0.7
Patella 236 1 0.4
Talus 277 1 0.4
Phalanges (Hand) 1899 3 0.2
Metacarpals 1363 2 0.1
Phalanges (Foot) 762 1 0.1
Ribs 1559 1 0.1
Subtotal 9678 143 1.5
NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.6: Summary table of sex and age frequency of NSI in males by bone in all phases of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Tibia 58 11 19.0 34 9 26.5 6 2 33.3 98 22 22.4
Fibula 60 8 13.3 36 6 16.7 6 2 33.3 102 16 15.7
Manubrium 11 1 9.1 7 0 0.0 0 0 0.0 18 1 5.6
Femur 73 3 4.1 43 2 4.7 6 1 16.7 122 6 4.9
Scapula 27 0 0.0 14 2 14.3 0 0 0.0 41 2 4.9
Ulna 68 2 2.9 37 0 0.0 6 0 0.0 111 2 1.8
Humerus 66 2 3.0 47 0 0.0 7 0 0.0 120 2 1.7
Clavicle 56 0 0.0 36 1 2.8 3 0 0.0 95 1 1.1
Metatarsals 247 2 0.8 151 0 0.0 14 0 0.0 412 2 0.5
Phalanges (Hand) 494 0 0.0 328 3 0.9 50 0 0.0 872 3 0.3
Radius 67 0 0.0 36 0 0.0 8 0 0.0 111 0 0.0
Calcaneus 56 0 0.0 36 0 0.0 6 0 0.0 98 0 0.0
Mandible 31 0 0.0 25 0 0.0 2 0 0.0 58 0 0.0
Patella 53 0 0.0 32 0 0.0 6 0 0.0 91 0 0.0
Talus 54 0 0.0 36 0 0.0 6 0 0.0 96 0 0.0
Metacarpals 322 0 0.0 210 0 0.0 37 0 0.0 569 0 0.0
Phalanges (Foot) 186 0 0.0 158 0 0.0 8 0 0.0 352 0 0.0
Ribs 417 0 0.0 238 0 0.0 19 0 0.0 674 0 0.0
Subtotal 2346 29 1.2 1504 23 1.5 190 5 2.6 4040 57 1.4
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.7: Summary table of sex and age frequency of NSI in females by bone in all phases of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Tibia 63 5 7.9 52 13 25.0 7 3 42.9 122 21 17.2
Fibula 62 5 8.1 42 9 21.4 5 3 60.0 109 17 15.6
Manubrium 13 0 0.0 5 1 20.0 0 0 0.0 18 1 5.6
Clavicle 61 2 3.3 43 0 0.0 6 1 16.7 110 3 2.7
Radius 59 0 0.0 52 0 0.0 6 3 50.0 117 3 2.6
Humerus 77 1 1.3 64 2 3.1 8 0 0.0 149 3 2.0
Femur 73 0 0.0 65 1 1.5 9 1 11.1 147 2 1.4
Mandible 43 0 0.0 28 1 3.6 4 0 0.0 75 1 1.3
Patella 55 0 0.0 45 0 0.0 3 1 33.3 103 1 1.0
Ulna 62 0 0.0 58 0 0.0 6 1 16.7 126 1 0.8
Calcaneus 65 0 0.0 54 1 1.9 7 0 0.0 126 1 0.8
Phalanges (Foot) 158 1 0.6 138 0 0.0 12 0 0.0 308 1 0.3
Metacarpals 290 0 0.0 293 2 0.7 34 0 0.0 617 2 0.3
Metatarsals 249 1 0.4 213 0 0.0 26 0 0.0 488 1 0.2
Ribs 432 0 0.0 360 0 0.0 0 1 0.0 792 1 0.1
Scapula 25 0 0.0 22 0 0.0 0 0 0.0 47 0 0.0
Talus 59 0 0.0 54 0 0.0 8 0 0.0 121 0 0.0
Phalanges (Hand) 360 0 0.0 372 0 0.0 73 0 0.0 805 0 0.0
Subtotal 2206 15 0.7 1960 30 1.5 214 14 6.5 4380 59 1.3
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.8: Summary table of sex and age frequency of NSI in adults of undetermined sex by bone in all phases of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Fibula 13 5 38.5 1 5 500.0 33 0 0.0 47 10 21.3
Tibia 11 2 18.2 0 3 0.0 37 0 0.0 48 5 10.4
Metatarsals 49 0 0.0 9 9 100.0 157 0 0.0 215 9 4.2
Humerus 18 0 0.0 4 1 25.0 18 0 0.0 40 1 2.5
Calcaneus 12 1 8.3 3 0 0.0 43 0 0.0 58 1 1.7
Talus 12 0 0.0 4 1 25.0 44 0 0.0 60 1 1.7
Manubrium 4 0 0.0 1 0 0.0 1 0 0.0 6 0 0.0
Femur 21 0 0.0 4 0 0.0 22 0 0.0 47 0 0.0
Scapula 3 0 0.0 2 0 0.0 1 0 0.0 6 0 0.0
Clavicle 14 0 0.0 6 0 0.0 4 0 0.0 24 0 0.0
Radius 17 0 0.0 3 0 0.0 8 0 0.0 28 0 0.0
Ulna 14 0 0.0 6 0 0.0 10 0 0.0 30 0 0.0
Mandible 8 0 0.0 5 0 0.0 0 0 0.0 13 0 0.0
Patella 8 0 0.0 2 0 0.0 32 0 0.0 42 0 0.0
Phalanges (Hand) 135 0 0.0 36 0 0.0 51 0 0.0 222 0 0.0
Metacarpals 103 0 0.0 28 0 0.0 46 0 0.0 177 0 0.0
Phalanges (Foot) 33 0 0.0 2 0 0.0 67 0 0.0 102 0 0.0
Ribs 36 0 0.0 43 0 0.0 14 0 0.0 93 0 0.0
Subtotal 511 8 1.6 159 19 11.9 588 0 0.0 1258 27 2.1
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Tables 8.9 to 8.11 present the results of pair-wise comparisons of sex and age interactions 
for tibial, fibular and total NSI across all phases of the Library site sample, derived from 
GLM modelling. Only one statistically significant difference was obtained from this 
analysis. As outlined in Table 8.10, the difference between the frequencies of tibial NSI by 
bone count between young females (7.9%) and old females (25.0%) was statistically 
significant (P = 0.040). A number of other relationships were close to significance, such as 
the frequencies between these same groups when modelled as tibial NSI in individuals (P = 
0.070), young adults compared to old adults in the same category (P = 0.060), and the 
difference between young adults and old adults when comparing frequencies of tibial NSI 
by bone count (P = 0.073).  
 
Table 8.9: Summary table of total NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in all phases derived from generalised linear modelling 
Variable
% Total Individual 
NSI P 1
Sex F 17.0
M 21.3
Age YA 15.2
OA 23.7
Sex*Age F YA 13.2
OA 21.3
M YA 17.4
OA 27.6
Age*Sex YA F 13.2
M 17.4
OA F 21.3
M 27.6
F: female; M: male; YA: young adult; OA: old adult
NSI: non-specific infection
1p -value; bold numbers indicate significance; 
significance is considered as values ≤0.05
Category
0.563
0.529
0.287
0.296
0.468
0.155
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Table 8.10: Summary table of tibial NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in all phases derived from generalised linear modelling 
Variable
% Tibial 
Bone NSI 1 P 2
% Tibial NSI by 
Individual P 2
 % Bilateral Tibial 
NSI by Individual P 2
Sex F 15.7 17.2 10.2
M 21.7 22.0 18.2
Age YA 13.2 13.6 10.5
OA 25.6 28.6 19.4
Sex*Age F YA 7.9 9.1 6.9
OA 25.0 28.0 15.0
M YA 19.0 18.2 14.3
OA 26.5 29.4 25.0
Age*Sex YA F 7.9 9.1 6.9
M 19.0 18.2 14.3
OA F 25.0 28.0 15.0
M 26.5 29.4 25.0
F: female; M: male; YA: young adult; OA: old adult; NSI: non-specific infection
1 indicates tibial NSI by bone count
2p ‐value; bold numbers indicate significance; significance is considered as values ≤0.05
0.454
Category
0.273
0.233
0.368
0.380
0.373
0.911 0.921
0.128
0.370 0.533
0.290
0.533 0.367
0.040 0.070
0.073 0.060
 
 
 
 
Table 8.11: Summary table of fibular NSI associated with the pair-wise comparisons (p-values) 
of sex, age and interactions of sex and age in all phases derived from generalised linear 
modelling 
Variable
% Fibular 
Bone NSI1 P 2
% Fibular NSI by 
Individual P 2
% Bilateral Fibular 
NSI by Individual P 2
Sex F 13.5 13.6 13.3
M 14.6 17.3 11.4
Age YA 10.6 11.9 8.9
OA 19.2 20.5 18.2
Sex*Age F YA 8.1 8.6 7.1
OA 21.4 20.8 23.5
M YA 13.3 15.6 10.7
OA 16.7 20.0 12.5
Age*Sex YA F 8.1 8.6 7.1
M 13.3 15.6 10.7
OA F 21.4 20.8 23.5
M 16.7 20.0 12.5
F: female; M: male; YA: young adult; OA: old adult; NSI: non-specific infection
1 indicates fibular NSI by bone count
2p ‐value; bold numbers indicate significance; significance is considered as values ≤0.05
Category
0.689 0.945 0.418
0.369 0.380 0.639
0.709 0.685 0.857
0.828 0.585 0.776
0.100 0.189 0.136
0.146 0.227 0.208
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8.1.2 Phase B 
Summaries of NSI frequencies in individuals by sex and age for Phase B of the sample are 
presented in Tables 8.12 to 8.15. Table 8.12 summarises the frequency of NSI by 
individual. Overall, 20.3% of individuals from Phase B had some form of NSI. This 
frequency was higher amongst males (26.5%) than females (17.5%). The frequency of NSI 
by individual in old females (25.9%) was over double that of young females (10.3%). 
However, young males (26.3%) had a slightly higher frequency than old males (25.0%).   
 
Table 8.13 further explores these frequencies, summarising the frequency of tibial NSI in 
individuals from the sample. Males once again had a higher frequency of tibial NSI (31.8%) 
than females (16.7%). Once split into age groups, old males exhibited the highest frequency 
of tibial NSI (37.5%), followed by old females (25.0%). There was a large difference 
between the frequencies of tibial NSI when comparing young males (23.1%) to young 
females (5.3%).  
 
Table 8.12: Summary table of sex and age frequency of total NSI by individual in Phase B of the 
Library site sample 
N1 N2 %NSI3
Female YA 29 3 10.3
OA 27 7 25.9
?Adult 1 0 0.0
Subtotal 57 10 17.5
Male YA 19 5 26.3
OA 12 3 25.0
?Adult 3 1 33.3
Subtotal 34 9 26.5
?Sex YA 7 2 28.6
OA 4 0 0.0
?Adult 21 4 19.0
Subtotal 32 6 18.8
Total 123 25 20.3
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable
2total number of individuals affected
3total number of individuals affected/observable (x100)  
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Table 8.13: Summary table of sex and age frequency of tibial NSI by individual in Phase B of the 
Library site sample 
N1 N2 %NSI3
Female YA 19 1 5.3
OA 16 4 25.0
?Adult 1 1 100.0
Subtotal 36 6 16.7
Male YA 13 3 23.1
OA 8 3 37.5
?Adult 1 1 100.0
Subtotal 22 7 31.8
?Sex YA 3 0 0.0
OA 0 0 0.0
?Adult 14 1 7.1
Subtotal 17 1 5.9
Total 75 14 18.7
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ tibiae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both tibiae
3total number of individuals affected/observable (x100)  
 
Frequencies of fibular NSI by individual are summarised in Table 8.14. Overall, the 
frequency of fibular NSI in individuals was 18.5%, with 26.1% of males and 15.8% of 
females affected. Young females had a lower frequency of NSI (8.7%) than older females 
(26.7%). However, this was not the case with males, with young males exhibiting a higher 
frequency of fibular NSI (30.8%) than old males (11.1%).   
 
Table 8.15 summarises the frequencies of bilateral tibial and fibular NSI by individual in 
Phase B of the site. Of individuals with two observable tibiae and/or fibulae, 21.2% 
presented with bilateral NSI. Males had the highest frequency of combined bilateral NSI 
(30.0%). The frequencies of combined bilateral NSI were similar when comparing old 
females (35.7%) and old males (37.5%). However, young males had a higher frequency of 
combined bilateral NSI (25.0%) than young females (10.5%). When assessed by specific 
long bone, 16.4% of individuals presented with bilateral tibial NSI, and 14.8% exhibited 
bilateral fibular NSI. Bilateral tibial NSI was more prevalent in males (35.3%) than bilateral 
fibular NSI (21.1%). The frequencies in females were approximately the same between 
bilateral tibial NSI (10.7%) and bilateral fibular NSI (12.9%).  
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Table 8.14: Summary table of sex and age frequency of fibular NSI by individual in Phase B of 
the Library site sample 
N1 N2 %NSI3
Female YA 23 2 8.7
OA 15 4 26.7
?Adult 0 0 0.0
Subtotal 38 6 15.8
Male YA 13 4 30.8
OA 9 1 11.1
?Adult 1 1 100.0
Subtotal 23 6 26.1
?Sex YA 4 1 25.0
OA 0 0 0.0
?Adult 16 2 12.5
Subtotal 20 3 15.0
Total 81 15 18.5
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ fibulae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both fibulae
3total number of individuals affected/observable (x100)  
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Table 8.15: Summary table of sex and age frequency of bilateral NSI by individual in Phase B of 
the Library site sample 
n1 T/F n2 N3 BI T/F Obs. %BI4 T/F
N5 Combined Obs 
(%)
Female YA 19 16/19 1/1 6.3/5.3 2 (10.5)
OA 14 14/12 2/3 14.3/25.0 5 (35.7)
?Adult 0 0/0 0/0 0.0/0.0 0 (0.0)
Subtotal 33 28/31 3/4 10.7/12.9 7 (21.2)
Male YA 12 11/12 3/3 27.3/25.0 3 (25.0)
OA 8 6/7 3/1 50.0/14.3 3 (37.5)
?Adult 0 0/0 0/0 0.0/0.0 0 (0.0)
Subtotal 20 17/19 6/4 35.3/21.1 6 (30.0)
?Sex YA 2 2/2 0/0 0.0/0.0 0 (0.0)
OA 0 0/0 0/0 0.0/0.0 0 (0.0)
?Adult 11 8/9 0/1 0.0/11.1 1 (9.1)
Subtotal 13 10/11 0/1 0.0/36.4 1 (7.7)
Total 66 55/61 9/9 16.4/14.8 14 (21.2)
T: tibia; F: fibulal; BI: bilateral involvement
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1number of individuals with observable tibia and/or fibula (both sides)
2number of individuals with observable bilateral tibiae/fibulae
3number of individuals with NSI affecting bilateral tibiae/fibulae
4% of individuals with NSI affecting bilateral tibiae/fibulae
5total number of individuals with NSI affecting bilateral tibiae and/or fibulae  
 
Summaries of frequencies of NSI by bone for Phase B and divided by sex and age are 
presented in Tables 8.16 to 8.19. Overall there was a 1.4% infection frequency for all bones 
attributed to Phase B (see Table 8.16). The overall frequencies of tibial and fibular NSI by 
bone count were 17.0% and 16.9% respectively for this phase. As Tables 8.17 and 8.18 
demonstrate, young males had a higher overall frequency of NSI by bone count (1.9%) 
than young females (0.3%). However, the frequency in old females (1.6%) was slightly 
higher than in old males (1.1%). Males had higher frequencies of both fibular NSI (24.4%) 
and tibial NSI (34.1%) by bone count than females (14.3% and 13.4% respectively). Fibular 
NSI was higher in young males (29.2%) than old males (12.5%). The frequency of tibial 
NSI was higher old females (22.6%) than young females (5.6%).  
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Table 8.16: Summary table of overall frequency of total NSI by bone in Phase B of the Library 
site sample 
Element Total n1 Total N2 %NSI
Tibia 135 23 17.0
Fibula 142 24 16.9
Manubrium 34 2 5.9
Femur 157 4 2.5
Metatarsals 599 12 2.0
Mandible 74 1 1.4
Radius 137 1 0.7
Talus 144 1 0.7
Calcaneus 150 1 0.7
Humerus 156 1 0.6
Metacarpals 664 2 0.3
Scapula 78 0 0.0
Clavicle 127 0 0.0
Ulna 139 0 0.0
Patella 124 0 0.0
Phalanges (Hand) 883 0 0.0
Phalanges (Foot) 428 0 0.0
Ribs 1099 0 0.0
Subtotal 5270 72 1.4
NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.17: Summary table of sex and age frequency of NSI in males by bone in Phase B of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Tibia 23 7 30.4 17 6 35.3 1 1 100.0 41 14 34.1
Fibula 24 7 29.2 16 2 12.5 1 1 100.0 41 10 24.4
Manubrium 9 1 11.1 3 0 0.0 0 0 0.0 12 1 8.3
Femur 30 3 10.0 21 0 0.0 1 0 0.0 52 3 5.8
Metatarsals 99 2 2.0 70 0 0.0 8 0 0.0 177 2 1.1
Humerus 26 0 0.0 22 0 0.0 5 0 0.0 53 0 0.0
Scapula 19 0 0.0 11 0 0.0 0 0 0.0 30 0 0.0
Clavicle 26 0 0.0 17 0 0.0 2 0 0.0 45 0 0.0
Radius 29 0 0.0 18 0 0.0 6 0 0.0 53 0 0.0
Ulna 28 0 0.0 18 0 0.0 4 0 0.0 50 0 0.0
Calcaneus 23 0 0.0 18 0 0.0 2 0 0.0 43 0 0.0
Mandible 13 0 0.0 11 0 0.0 2 0 0.0 26 0 0.0
Patella 26 0 0.0 16 0 0.0 1 0 0.0 43 0 0.0
Talus 21 0 0.0 17 0 0.0 2 0 0.0 40 0 0.0
Phalanges (Hand) 188 0 0.0 138 0 0.0 27 0 0.0 353 0 0.0
Metacarpals 120 0 0.0 101 0 0.0 16 0 0.0 237 0 0.0
Phalanges (Foot) 101 0 0.0 62 0 0.0 5 0 0.0 168 0 0.0
Ribs 245 0 0.0 141 0 0.0 9 0 0.0 395 0 0.0
Subtotal 1050 20 1.9 717 8 1.1 92 2 2.2 1859 30 1.6
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.18: Summary table of sex and age frequency of NSI in females by bone in Phase B of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Fibula 42 3 7.1 28 7 25.0 0 0 0.0 70 10 14.3
Tibia 36 2 5.6 31 7 22.6 0 0 0.0 67 9 13.4
Manubrium 13 0 0.0 4 1 25.0 0 0 0.0 17 1 5.9
Mandible 27 0 0.0 16 1 6.3 0 0 0.0 43 1 2.3
Radius 38 0 0.0 32 0 0.0 1 1 0.0 71 1 1.4
Femur 42 0 0.0 37 1 2.7 2 0 0.0 81 1 1.2
Metacarpals 197 0 0.0 154 2 1.3 4 0 0.0 355 2 0.6
Metatarsals 162 0 0.0 137 1 0.7 7 0 0.0 306 1 0.3
Humerus 50 0 0.0 36 0 0.0 1 0 0.0 87 0 0.0
Scapula 23 0 0.0 21 0 0.0 0 0 0.0 44 0 0.0
Clavicle 43 0 0.0 29 0 0.0 0 0 0.0 72 0 0.0
Ulna 42 0 0.0 34 0 0.0 0 0 0.0 76 0 0.0
Calcaneus 40 0 0.0 34 0 0.0 2 0 0.0 76 0 0.0
Patella 38 0 0.0 25 0 0.0 1 0 0.0 64 0 0.0
Talus 38 0 0.0 32 0 0.0 2 0 0.0 72 0 0.0
Phalanges (Hand) 236 0 0.0 180 0 0.0 13 0 0.0 429 0 0.0
Phalanges (Foot) 115 0 0.0 88 0 0.0 1 0 0.0 204 0 0.0
Ribs 344 0 0.0 313 0 0.0 0 0 0.0 657 0 0.0
Subtotal 1526 5 0.3 1231 20 1.6 34 1 2.9 2791 26 0.9
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.19: Summary table of sex and age frequency of NSI in adults of undetermined sex by bone in Phase B of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Fibula 6 1 16.7 0 0 0.0 25 3 12.0 31 4 12.9
Metatarsals 13 0 0.0 0 0 0.0 103 9 8.7 116 9 7.8
Humerus 5 0 0.0 4 0 0.0 7 1 14.3 16 1 6.3
Calcaneus 4 0 0.0 1 0 0.0 26 1 3.8 31 1 3.2
Talus 4 0 0.0 1 0 0.0 27 1 3.7 32 1 3.1
Tibia 5 0 0.0 0 0 0.0 22 0 0.0 27 0 0.0
Manubrium 3 0 0.0 1 0 0.0 1 0 0.0 5 0 0.0
Femur 8 0 0.0 3 0 0.0 13 0 0.0 24 0 0.0
Scapula 2 0 0.0 2 0 0.0 0 0 0.0 4 0 0.0
Clavicle 3 0 0.0 4 0 0.0 3 0 0.0 10 0 0.0
Radius 6 0 0.0 3 0 0.0 4 0 0.0 13 0 0.0
Ulna 6 0 0.0 5 0 0.0 2 0 0.0 13 0 0.0
Mandible 3 0 0.0 2 0 0.0 0 0 0.0 5 0 0.0
Patella 3 0 0.0 0 0 0.0 14 0 0.0 17 0 0.0
Phalanges (Hand) 41 0 0.0 31 0 0.0 29 0 0.0 101 0 0.0
Metacarpals 30 0 0.0 18 0 0.0 24 0 0.0 72 0 0.0
Phalanges (Foot) 9 0 0.0 0 0 0.0 47 0 0.0 56 0 0.0
Ribs 24 0 0.0 23 0 0.0 0 0 0.0 47 0 0.0
Subtotal 175 1 0.6 98 0 0.0 347 15 4.3 620 16 2.6
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Tables 8.20 to 8.22 present the results of pair-wise comparisons of sex and age interactions 
for total individual, tibial and fibular NSI in Phase B of the Library site sample, derived 
from GLM modelling. No statistically significant differences were determined. Table 8.21 
demonstrates that the difference between the frequencies of tibial NSI by bone in young 
females and young males was close to significance (P = 0.054), as was the difference 
between the frequency in young females compared to old females (P = 0.096) and females 
compared to males (P = 0.082). What can be seen from these tables is the tendency for 
males to exhibit higher frequencies of NSI than females. The major exception here is for 
fibular NSI by bone and by individual, for which old females exhibited a higher frequency.  
 
Table 8.20: Summary table of total NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase B derived from generalised linear modelling 
Variable
% Total Individual 
NSI P 1
Sex F 17.9
M 25.8
Age YA 16.7
OA 25.6
Sex*Age F YA 10.3
OA 25.9
M YA 26.3
OA 25.0
Age*Sex YA F 10.3
M 26.3
OA F 25.9
M 25.0
F: female; M: male; YA: young adult; OA: old adult; 
NSI: non-specific infection
1p -value; bold numbers indicate significance; 
Significance is considered as values ≤0.05
Category
0.158
0.951
0.139
0.935
0.382
0.306
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Table 8.21: Summary table of tibial NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase B derived from generalised linear modelling 
Variable
% Tibial Bone 
NSI1 P 2
% Tibial NSI by 
Individual P 2
Sex F 13.4 14.3
M 32.5 28.6
Age YA 15.3 12.5
OA 27.1 29.2
Sex*Age F YA 5.6 5.3
OA 22.6 25
M YA 30.4 23.1
OA 35.3 37.5
Age*Sex YA F 5.6 5.3
M 30.4 23.1
OA F 22.6 25
M 35.3 37.5
F: female; M: male; YA: young adult; OA: old adult; 
NSI: non-specific infection
1 indicates tibial NSI by bone count
2p -value; bold numbers indicate significance; significance is considered 
as values ≤0.05
0.518 0.527
0.096 0.127
0.840 0.480
Category
0.082 0.199
0.264 0.129
0.054 0.166
 
 
Table 8.22: Summary table of fibular NSI associated with the pair-wise comparisons (p-values) 
of sex, age and interactions of sex and age in Phase B derived from generalised linear 
modelling 
Variable
% Fibular Bone 
NSI1 P 2
% Fibular NSI by 
Individual P 2
Sex F 14.3 15.8
M 22.5 22.7
Age YA 15.2 16.7
OA 20.5 20.8
Sex*Age F YA 7.1 8.7
OA 25.0 26.7
M YA 29.2 30.8
OA 12.5 11.1
Age*Sex YA F 7.1 8.7
M 29.2 30.8
OA F 25.0 26.7
M 12.5 11.1
F: female; M: male; YA: young adult; OA: old adult; 
NSI: non-specific infection
1 indicates fibular NSI by bone count
2p -value; bold numbers indicate significance; significance is considered 
as values ≤0.05
0.497 0.377
0.102 0.155
0.394 0.298
Category
0.396 0.505
0.576 0.683
0.060 0.106
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8.1.3 Phase C 
A summary of the frequencies of NSI in individuals for Phase C is presented in Tables 
8.23. Overall, 19.5% of individuals from Phase C had some form of observable NSI. The 
frequencies of individual NSI were approximately equal in males (21.7%) and females 
(21.4%). Young females had a higher frequency of NSI (21.1%) than old females (16.7%) 
and young males (12.0%). However, old males had a far greater frequency of NSI (29.4%) 
than young males or any of the female age groups.  
 
Table 8.23: Summary table of sex and age frequency of total NSI by individual in Phase C of the 
Library site sample 
N1 N2 %NSI3
Female YA 19 4 21.1
OA 18 3 16.7
?Adult 5 2 40.0
Subtotal 42 9 21.4
Male YA 25 3 12.0
OA 17 5 29.4
?Adult 4 2 50.0
Subtotal 46 10 21.7
?Sex YA 15 3 20.0
OA 7 0 0.0
?Adult 18 3 16.7
Subtotal 40 6 15.0
Total 128 25 19.5
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable
2total number of individuals affected
3total number of individuals affected/observable (x100)  
 
Tables 8.24 and 8.25 summarise the frequencies of tibial and fibular NSI by individual for 
this phase. The frequency of tibial NSI in individuals was 22.7%, slightly higher than the 
frequency for fibular NSI (19.4%). Females had a higher overall frequency of tibial NSI 
(25.0%) than males (19.4%). Whilst the frequencies of tibial NSI in young adults were 
approximately the same for females (15.4%) and males (15.8%), old females had a higher 
frequency of tibial NSI (37.5%) than old males (22.2%).  
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Table 8.24: Summary table of sex and age frequency of tibial NSI by individual in Phase C of the 
Library site sample 
N1 N2 %NSI3
Female YA 13 2 15.4
OA 8 3 37.5
?Adult 3 1 33.3
Subtotal 24 6 25.0
Male YA 19 3 15.8
OA 9 2 22.2
?Adult 3 1 33.3
Subtotal 31 6 19.4
?Sex YA 5 1 20.0
OA 0 0 0.0
?Adult 6 2 33.3
Subtotal 11 3 27.3
Total 66 15 22.7
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ tibiae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both tibiae
3total number of individuals affected/observable (x100)  
 
The pattern of fibular NSI by individual in Phase C is summarised in Table 8.25. Overall, 
infection rates for females and males were very similar, though within these groups the 
frequencies were quite different. Young females had a higher frequency of fibular NSI 
(8.3%) than young males (5.6%). In contrast, old males had a higher frequency than old 
females, at 27.3% compared to 11.1%. In both cases old adults of each sex had higher 
frequencies of fibular NSI than their younger counterparts.  
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Table 8.25: Summary table of sex and age frequency of fibular NSI by individual in Phase C of 
the Library site sample 
N1 N2 %NSI3
Female YA 12 1 8.3
OA 9 1 11.1
?Adult 3 2 66.7
Subtotal 24 4 16.7
Male YA 18 1 5.6
OA 11 3 27.3
?Adult 3 1 33.3
Subtotal 32 5 15.6
?Sex YA 5 2 40.0
OA 0 0 0.0
?Adult 6 2 33.3
Subtotal 11 4 36.4
Total 67 13 19.4
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1total number of individuals observable (with at least 1+ fibulae over 75% observable)
2total number of individuals affected by 1+ NSI events in one or both fibulae
3total number of individuals affected/observable (x100)  
 
The frequencies of bilateral NSI are summarised in Table 8.26. Overall, 15.0% of 
individuals with two tibiae and/or fibulae had bilateral NSI in Phase C. Females had a 
slightly higher frequency of combined NSI (12.5%) than males (10.3%). Old females 
(11.1%) and old males (18.2%) had higher frequencies of combined bilateral NSI than 
young females (8.3%) and young males (6.3%).  
 
Bilateral tibial NSI was observed in 14.3% of individuals. Females had a higher frequency 
of bilateral tibial NSI (15.8%) than males (8.0%). Old adults had higher frequencies than 
younger individuals in both sexes.  
 
The frequency of bilateral fibular NSI was considerably higher in females (15.0%) than 
males (3.7%). No young adult males had bilateral fibular NSI in Phase C whilst 11.1% of 
old males were infected. Young females had a higher frequency of bilateral fibular NSI 
(12.5%) than old females (10.0%). Though, it must be cautioned that these are relatively 
small sample sizes, particularly of individuals affected.  
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Table 8.26: Summary table of sex and age frequency of bilateral NSI by individual in Phase C 
the Library site sample 
n1 T/F n2 N3 BI T/F Obs. %BI4 T/F
N5 Combined Obs 
(%)
Female YA 12 11/8 1/1 9.1/12.5 1 (8.3)
OA 9 5/10 1/1 20.0/10.0 1 (11.1)
?Adult 3 3/2 1/1 33.3/50.0 1 (33.3)
Subtotal 24 19/20 3/3 15.8/15.0 3 (12.5)
Male YA 16 15/16 1/0 6.7/0.0 1 (6.3)
OA 11 8/9 1/1 12.5/11.1 2 (18.2)
?Adult 2 2/2 0/0 0.0/0.0 0 (0.0)
Subtotal 29 25/27 2/1 8.0/3.7 3 (10.3)
?Sex YA 3 2/3 1/2 50.0/66.7 2 (66.7)
OA 0 0/ 0/0 0.0/0.0 0 (0.0)
?Adult 4 3/2 1/0 33.3/0.0 1 (25.0)
Subtotal 7 5/5 2/2 40.0/40.0 3 (42.9)
Total 60 49/52 7/6 14.3/11.5 9 (15.0)
T: tibia; F: fibulal; BI: bilateral involvement
NSI: non-specific infection; YA: young adult; OA: old adult; 
?Adult: adult of undetermined age; ?Sex: adult of undetermined sex
1number of individuals with observable tibia and/or fibula (both sides)
2number of individuals with observable bilateral tibiae/fibulae
3number of individuals with NSI affecting bilateral tibiae/fibulae
4% of individuals with NSI affecting bilateral tibiae/fibulae
5total number of individuals with NSI affecting bilateral tibiae and/or fibulae  
 
Summaries of the frequencies of NSI by bone count for Phase C divided by sex and age are 
presented in Tables 8.27 to 8.30. Overall, 1.7% of bones from Phase C exhibited NSI. A 
total of 19 fibulae and 22 tibiae exhibited NSI. Tables 8.28 and 8.29 demonstrate that there 
was a slightly higher overall frequency in females (2.1%) than males (1.3%) which was likely 
due to the frequency in young females (1.5%) which is around double that of young males 
(0.7%). The frequency in females was higher in both the tibia (20.5%) and fibula (17.5%) 
than in males. Frequencies for both tibial and fibular infection were higher in old adults of 
both sexes. The frequency of fibular NSI in young males appeared to be quite low 
comparatively, at only 2.9%.  
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Table 8.27: Summary table of overall frequency of total NSI by bone in Phase C of the Library 
site sample 
Element Total n1 Total N2 %NSI
Tibia 117 22 18.8
Fibula 115 19 16.5
Scapula 16 2 12.5
Clavicle 100 4 4.0
Humerus 142 5 3.5
Femur 148 4 2.7
Ulna 121 3 2.5
Radius 111 2 1.8
Patella 100 1 1.0
Calcaneus 119 1 0.8
Phalanges (Foot) 316 1 0.3
Phalanges (Hand) 963 3 0.3
Ribs 460 1 0.2
Manubrium 8 0 0.0
Metatarsals 455 0 0.0
Mandible 69 0 0.0
Talus 69 0 0.0
Metacarpals 650 0 0.0
Subtotal 4079 68 1.7
NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.28: Summary table of sex and age frequency of NSI in males by bone in Phase C of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Scapula 8 0 0.0 3.0 2.0 66.7 0 0 0.0 11 2 18.2
Tibia 34 4 11.8 17.0 3.0 17.6 5 1 20.0 56 8 14.3
Fibula 34 1 2.9 20.0 4.0 20.0 5 1 20.0 59 6 10.2
Femur 41 0 0.0 22.0 2.0 9.1 5 1 20.0 68 3 4.4
Ulna 38 2 5.3 19.0 0.0 0.0 2 0 0.0 59 2 3.4
Humerus 38 2 5.3 25.0 0.0 0.0 2 0 0.0 65 2 3.1
Clavicle 30 0 0.0 19.0 1.0 5.3 1 0 0.0 50 1 2.0
Phalanges (Hand) 295 0 0.0 190.0 3.0 1.6 23 0 0.0 508 3 0.6
Manubrium 2 0 0.0 4.0 0.0 0.0 0 0 0.0 6 0 0.0
Radius 36 0 0.0 18.0 0.0 0.0 2 0 0.0 56 0 0.0
Metatarsals 140 0 0.0 81.0 0.0 0.0 6 0 0.0 227 0 0.0
Calcaneus 31 0 0.0 18.0 0.0 0.0 4 0 0.0 53 0 0.0
Mandible 18 0 0.0 14.0 0.0 0.0 0 0 0.0 32 0 0.0
Patella 26 0 0.0 16.0 0.0 0.0 5 0 0.0 47 0 0.0
Talus 18 0 0.0 14.0 0.0 0.0 0 0 0.0 32 0 0.0
Metacarpals 195 0 0.0 109.0 0.0 0.0 21 0 0.0 325 0 0.0
Phalanges (Foot) 84 0 0.0 96.0 0.0 0.0 3 0 0.0 183 0 0.0
Ribs 172 0 0.0 97.0 0.0 10 0 0.0 279 0 0.0
Subtotal 1240 9 0.7 782.0 15.0 1.9 94 3 3.2 2116 27 1.3
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.29: Summary table of sex and age frequency of NSI in females by bone in Phase C of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Tibia 25 3 12.0 19 6 31.6 0 0 0.0 44 9 20.5
Fibula 21 2 9.5 14 2 14.3 5 3 60.0 40 7 17.5
Clavicle 18 2 11.1 12 0 0.0 6 1 16.7 36 3 8.3
Humerus 23 1 4.3 25 2 8.0 7 0 0.0 55 3 5.5
Radius 18 0 0.0 17 0 0.0 5 2 40.0 40 2 5.0
Patella 16 0 0.0 19 0 0.0 2 1 50.0 37 1 2.7
Ulna 17 0 0.0 22 0 0.0 6 1 16.7 45 1 2.2
Calcaneus 22 0 0.0 18 1 5.6 5 0 0.0 45 1 2.2
Femur 27 0 0.0 24 0 0.0 7 1 14.3 58 1 1.7
Phalanges (Foot) 40 1 2.5 49 0 0.0 11 0 0.0 100 1 1.0
Ribs 88 0 0.0 47 0 0.0 0 1 0.0 135 1 0.7
Manubrium 0 0 0.0 1 0 0.0 0 0 0.0 1 0 0.0
Scapula 2 0 0.0 1 0 0.0 0 0 0.0 3 0 0.0
Metatarsals 74 0 0.0 66 0 0.0 19 0 0.0 159 0 0.0
Mandible 14 0 0.0 11 0 0.0 4 0 0.0 29 0 0.0
Talus 14 0 0.0 11 0 0.0 4 0 0.0 29 0 0.0
Phalanges (Hand) 103 0 0.0 183 0 0.0 51 0 0.0 337 0 0.0
Metacarpals 76 0 0.0 127 0 0.0 25 0 0.0 228 0 0.0
Subtotal 598 9 1.5 666 11 1.7 157 10 6.4 1421 30 2.1
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Table 8.30: Summary table of sex and age frequency of NSI in adults of undetermined sex by bone in Phase C of the Library site sample 
Element YA n1 YA N2 %NSI OA n1 OA N2 %NSI ?Adult n1 ?Adult N2 %NSI Subtotal n1 Subtotal N2 %NSI
Fibula 8 4 50.0 0 0 0.0 8 2 25.0 16 6 37.5
Tibia 8 2 25.0 0 0 0.0 9 3 33.3 17 5 29.4
Manubrium 1 0 0.0 0 0 0.0 0 0 0.0 1 0 0.0
Humerus 13 0 0.0 0 0 0.0 9 0 0.0 22 0 0.0
Femur 13 0 0.0 1 0 0.0 8 0 0.0 22 0 0.0
Scapula 1 0 0.0 0 0 0.0 1 0 0.0 2 0 0.0
Clavicle 11 0 0.0 2 0 0.0 1 0 0.0 14 0 0.0
Radius 11 0 0.0 0 0 0.0 4 0 0.0 15 0 0.0
Ulna 8 0 0.0 1 0 0.0 8 0 0.0 17 0 0.0
Metatarsals 36 0 0.0 9 0 0.0 24 0 0.0 69 0 0.0
Calcaneus 8 0 0.0 2 0 0.0 11 0 0.0 21 0 0.0
Mandible 5 0 0.0 3 0 0.0 0 0 0.0 8 0 0.0
Patella 5 0 0.0 2 0 0.0 9 0 0.0 16 0 0.0
Talus 5 0 0.0 3 0 0.0 0 0 0.0 8 0 0.0
Phalanges (Hand) 94 0 0.0 5 0 0.0 19 0 0.0 118 0 0.0
Metacarpals 73 0 0.0 10 0 0.0 14 0 0.0 97 0 0.0
Phalanges (Foot) 24 0 0.0 2 0 0.0 7 0 0.0 33 0 0.0
Ribs 12 0 0.0 20 0 0.0 14 0 0.0 46 0 0.0
Subtotal 336 6 1.8 60 0 0.0 146 5 3.4 542 11 2.0
YA: young adult; OA: old adult; ?Adult: adult of undetermined age; NSI: non-specific infection
1total number of elements observable
2total number of elements affected by 1+ NSI event  
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Tables 8.31 to 8.33 present the results of pair-wise comparisons of sex and age interactions 
of NSI in Phase C of the Library site sample, derived from GLM modelling. No significant 
differences were found. One comparison, summarised in Table 8.33, of the difference 
between frequencies of fibular NSI by bone count in young males (2.9%) and old males 
(20.0%) was close to statistical significance (P = 0.058), as was this difference in the same 
category for young adults compared to old adults (P = 0.089). The lack of significant 
differences is in spite of some quite large disparities between groups, particularly when 
assessing NSI by bone count. However, it is likely the small sample sizes prevented more 
robust analyses. 
 
Table 8.31: Summary table of total NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase C derived from generalised linear modelling 
Variable
% Total Individual 
NSI P 1
Sex F 18.9
M 19.0
Age YA 15.9
OA 22.9
Sex*Age F YA 21.1
OA 16.7
M YA 12.0
OA 29.4
Age*Sex YA F 21.1
M 12.0
OA F 16.7
M 29.4
F: female; M: male; YA: young adult; OA: old adult;
NSI: non-specific infection
1p -value; bold numbers indicate significance; 
significance is consideredas values ≤0.05
Category
0.421
0.374
0.734
0.169
0.988
0.435
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Table 8.32: Summary table of tibial NSI associated with the pair-wise comparisons (p-values) of 
sex, age and interactions of sex and age in Phase C derived from generalised linear modelling 
Variable
% Tibial Bone 
NSI1 P 2
% Tibial NSI by 
Individual P 2
Sex F 20.5 23.8
M 13.7 17.9
Age YA 11.9 15.6
OA 25.0 29.4
Sex*Age F YA 12.0 15.4
OA 31.6 37.5
M YA 11.8 15.8
OA 17.6 22.2
Age*Sex YA F 12.0 15.4
M 11.8 15.8
OA F 31.6 37.5
M 17.6 22.2
F: female; M: male; YA: young adult; OA: old adult;
NSI: non-specific infection
1 indicates tibial NSI by bone count
2p -value; bold numbers indicate significance; significance is 
considered as values ≤0.05
0.609
0.178 0.260
Category
0.990 0.975
0.487
0.478 0.493
0.225 0.260
0.642 0.679
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Table 8.33: Summary table of fibular NSI associated with the pair-wise comparisons (p-values) 
of sex, age and interactions of sex and age in Phase C derived from generalised linear 
modelling 
Variable
% Fibular 
Bone NSI1 P 2
% Fibular NSI by 
Individual P 2
Sex F 11.4 9.5
M 9.3 13.8
Age YA 5.5 6.7
OA 17.7 20.0
Sex*Age F YA 9.5 8.3
OA 14.3 11.1
M YA 2.9 5.6
OA 20.0 27.3
Age*Sex YA F 9.5 8.3
M 2.9 5.6
OA F 14.3 11.1
M 20.0 27.3
F: female; M: male; YA: young adult; OA: old adult;
NSI: non-specific infection
1 indicates fibular NSI by bone count
2p -value; bold numbers indicate significance; significance is 
considered as values ≤0.05
0.648
0.089 0.173
Category
0.240 0.766
0.753
0.738 0.382
0.709 0.830
0.058 0.132
 
 
8.1.4 Phase B and Phase C comparisons 
Tables 8.34 to 8.36 present the results of pair-wise comparisons of the interactions of 
phase, sex, and age for total, tibial and fibular NSI. Only one relationship resulted in a 
statistically significant difference and is illustrated in Table 8.36. This was the difference in 
frequencies of fibular NSI by bone count in young males from Phase B (29.2%) compared 
to Phase C (2.9%, P = 0.032). The same relationship for fibular NSI by individual was also 
close to significance (P = 0.089).  
 
Table 8.36 demonstrates that Phase B generally had higher frequencies of infection in 
almost every category for fibular NSI. This was the case for all comparisons regarding 
fibular NSI by bone count and individual count, except in young females, where by bone 
count, the frequency in Phase C (9.5%) was slightly higher than in Phase B (7.1%).  Fibular 
NSI frequencies by individual were also mostly dominated by greater frequencies in Phase 
B, except for young females and old males.  
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When examining the frequencies of tibial NSI across the phases, it is interesting to note 
that in all comparisons between male groups, frequencies were higher in Phase B, but when 
comparing females, the frequency is higher in Phase C. This was the case both when 
assessing tibial NSI by bone and by individual count. Old adult frequencies of NSI in all 
categories of tibial NSI were only slightly higher in Phase B, whilst frequencies in young 
adults are similar across the two phases when considering counts by bone and individual 
count.  
 
Table 8.34: Summary table of total NSI associated with the pair-wise comparisons (p-values) of 
the interactions by phase, sex and phase and age and phase derived from generalised linear 
modelling 
Variable
% Total 
Individual NSI P 1
Phase B 20.7
C 19.0
Sex*Phase F B 17.9
C 18.9
M B 25.8
C 19.1
Age*Phase YA B 16.7
C 15.9
OA B 25.6
C 22.9
Sex*Age*Phase FYA B 10.3
C 21.1
FOA B 25.9
C 16.7
MYA B 26.3
C 12.0
MOA B 25.0
C 29.4
F: female; M: male; YA: young adult; OA: old adult;
NSI: non-specific infection; B: Phase B; C: Phase C
1p -value; bold numbers indicate significance; 
significance is considered as values ≤0.05
0.312
0.467
0.232
0.793
Category
0.783
0.897
0.490
0.922
0.780
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Table 8.35: Summary table of tibial NSI associated with the pair-wise comparisons (p-values) of 
the interactions of phase, sex and phase and age and phase derived from generalised linear 
modelling 
Variable
% Tibial 
Bone NSI1 P 2
% Tibial NSI by 
Individual P 2
Phase B 20.6 19.6
C 17.0 20.4
Sex*Phase F B 13.4 14.3
C 20.5 23.8
M B 32.5 28.6
C 14.0 17.9
Age*Phase YA B 15.3 12.5
C 12.1 15.6
OA B 27.1 29.2
C 25.0 29.4
Sex*Age*Phase FYA B 5.6 5.3
C 12.0 15.4
FOA B 22.6 25.0
C 31.6 37.5
MYA B 30.4 23.1
C 12.1 15.8
MOA B 35.3 37.5
C 17.6 22.2
F: female; M: male; YA: young adult; OA: old adult; NSI: non-specific infection
B: Phase B; C: Phase C
1 indicates tibial NSI by bone count
2p -value; bold numbers indicate significance; significance is considered 
as values ≤0.05
Category
0.126
0.415
0.612
0.385
0.876
0.667
0.449
0.200
0.601 0.527
0.605
0.493
0.922
0.371
0.376
0.720
0.986
0.355
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Table 8.36: Summary table of fibular NSI associated with the pair-wise comparisons (p-values) 
of the interactions of phase, sex and phase and age and phase derived from generalised linear 
modelling 
Variable
% Fibular 
Bone NSI1 P 2
% Fibular NSI by 
Individual P 2
Phase B 17.3 18.3
C 10.1 12.0
Sex*Phase F B 14.3 15.8
C 11.4 9.5
M B 22.5 22.7
C 9.3 13.8
Age*Phase YA B 15.2 16.7
C 5.5 6.7
OA B 20.5 20.8
C 17.7 20.0
Sex*Age*Phase FYA B 7.1 8.7
C 9.5 8.3
FOA B 25.0 26.7
C 14.3 11.1
MYA B 29.2 30.8
C 2.9 5.6
MOA B 12.5 11.1
C 20.0 27.3
F: female; M: male; YA: young adult; OA: old adult; NSI: non-specific infection
B: Phase B; C: Phase C
1 indicates fibular NSI by bone count
2p -value; bold numbers indicate significance; significance is considered 
as values ≤0.05
Category
0.225 0.363
0.146 0.411
0.733 0.505
0.123 0.230
0.578 0.377
0.740 0.971
0.646 0.382
0.032 0.089
0.814 0.945
 
 
8.1.5 Comparisons to European samples 
Tables 8.37 to 8.39 summarise the frequencies of tibial, fibular and total individual NSI by 
sex in the European sample sites for comparison. Published data are presented as 
frequencies for either non-specific signs of infection or periostitis. For the purposes of this 
analysis, those with periostitis only were included for examination under non-specific 
infection.  
 
The first columns of Table 8.37 represent frequencies of periosteal infection in individuals 
for each of the samples. Only 11 of the comparison samples had this variable available. The 
lowest frequencies of infection were recorded in the samples from Sourtara Galaniou 
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Kozanis (3.6%) and Kastella (5.7%). Followed closely after this, and under 10.0%, were the 
other two samples from Crete and Greece, Eleutherna (7.0%) and Messene (9.1%), and 
Wharram Percy (8.1%). The frequency for the Library site sample (18.8%) is above the 
collective mean for these 11 samples (13.6%). The highest frequencies for NSI by 
individual were found in the samples from St Helen-on-the-Walls in Scotland (29.9%) and 
Viðey (29.4%). The Icelandic sample's closest neighbour, Haffjarðarey, had almost half this 
frequency at 18.2%. The Library site sample also had a higher individual frequency of 
infection than the later Trondheim sample, Nidaros Cathedral (11.1%).  
 
The frequency of tibial infection in the Library site sample (17.6%) was fairly high 
compared to the majority of frequencies from the comparison samples. Seven of the eleven 
samples had lower frequencies of infection than this. Jutland and St Helen-on-the-Walls 
had quite high frequencies of tibial infection at 31.0% and 61.8% respectively. Eleutherna 
had the lowest frequency of NSI in the tibia at 2.8%. The other samples from Crete 
(Kastella), Pleidelsheim (Germany), Vicenne-Campochiaro (Italy) and Wharram Percy 
(England) all had infection frequencies under 10.0%.  
 
Limited data were available regarding the frequencies of fibular infection. As with 
frequencies of individual NSI, Sourtara Galaniou Kozanis had the lowest frequency at 
1.4%. All other samples (Whithorn, Wharram Percy and Eleutherna) had frequencies under 
10.0% except for the Library site sample and Jutland. Jutland had the highest frequency of 
infection at 26.1%, only slightly lower than its frequency for tibial infection. The Library 
site sample had an overall frequency of 16.7%, only slightly lower than the overall 
frequency of tibial NSI.  
 
Tables 8.38 and 8.39 summarise the frequencies of NSI in males and females in the 
European samples. Unfortunately, much of this information was not published according 
to specific sex or age groups. The Library site was the only sample to have data available 
for male and female frequencies of fibular NSI by bone. The sample from Kastella had the 
highest frequency of female individual NSI (25.0%) when compared to the nine samples 
with data, and the lowest frequency of male individual NSI (0.0%).  
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Table 8.37: Summary table of frequency of total NSI in the Library site sample and European site samples 
Sample Country N
1 NSI Obs.2 NSI % T n3 T NSI Obs4 NSI % F n5 F NSI Obs6 NSI %
Sourtara Galaniou Kozanis Greece 56 2 3.6 NA NA NA 73 1 1.4
Kastella Crete 35 2 5.7 37 3 8.1 NA NA NA
Eleutherna Crete 100 7 7.0 180 5 2.8 165 8 4.8
Wharram Percy U.K. (England) 360 29 8.1 445 24 5.4 414 17 4.1
Messene Greece 55 5 9.1 NA NA NA NA NA NA
Nidaros Cathedral Norway 54 6 11.1 NA NA NA NA NA NA
Nin Croatia 58 7 12.1 NA NA NA NA NA NA
Raunds Furnells7 U.K. (England) 161 22 13.7 NA NA NA NA NA NA
Haffjarðarey Iceland 22 4 18.2 NA NA NA NA NA NA
Library Site, Trondheim Norway 266 50 18.8 256 45 17.6 257 43 16.7
Viðey Iceland 34 10 29.4 NA NA NA NA NA NA
St Helen-on the-walls U.K. (Scotland) 335 100 29.9 466 288 61.8 NA NA NA
Vicenne-Campochiaro Italy NA NA NA 70 4 5.7 NA NA NA
Pleidelsheim Germany NA NA NA 186 11 5.9 NA NA NA
Whithorn U.K. (Scotland) NA NA NA 406 47 11.6 152 10 6.6
Quadrella Italy NA NA NA 54 7 13.0 NA NA NA
Nusplingen Germany NA NA NA 116 30 25.9 NA NA NA
Jutland Denmark NA NA NA 284 88 31.0 241 63 26.1
NSI: non-specific infection; T: tibia; F: fibula; Obs: observed
1Total number of observable individuals
2Total number of individuals with 1+ instances of periosteal infection
3Total number of observable tibiae
4Total number of tibiae with 1+ instances of periosteal infection
5Total number of observable fibulae
6Total number of fibulae with 1+ instances of periosteal infection
7male and female adults only  
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Table 8.38: Summary table of frequency of NSI in males in the Library site sample and European site samples 
Sample Country N
1 NSI Obs.2 NSI % T n3 T NSI Obs4 NSI %
Kastella Crete 15 0 0.0 NA NA NA
Nidaros Cathedral Norway 21 2 9.5 NA NA NA
Eleutherna Crete 52 5 9.6 NA NA NA
Raunds Furnells5 U.K. (England) 100 12 12.0 NA NA NA
Wharram Percy U.K. (England) 140 20 14.3 NA NA NA
Haffjarðarey Iceland 7 1 14.3 NA NA NA
Nin Croatia 38 6 15.8 NA NA NA
Library Site, Trondheim Norway 82 19 23.2 98 22 22.4
Viðey Iceland 17 4 23.5 NA NA NA
Vicenne-Campochiaro Italy NA NA NA 26 15 57.7
Whithorn U.K. (Scotland) NA NA NA 124 18 14.5
Quadrella Italy NA NA NA 22 14 63.6
NSI: non-specific infection; T: tibia; Obs: observed
1Total number of observable individuals
2Total number of individuals with 1+ instances of periosteal infection
3Total number of observable tibiae
4Total number of tibiae with 1+ instances of periosteal infection
5male and female adults only  
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Table 8.39: Summary table of frequency of NSI in females in the Library site sample and European site samples 
Sample Country N
1 I NSI Obs.2 NSI % T n3 T NSI Obs4 NSI %
Wharram Percy U.K. (England) 211 9 4.3 NA NA NA
Nin Croatia 20 1 5.0 NA NA NA
Viðey Iceland 11 1 9.1 NA NA NA
Eleutherna Crete 21 2 9.5 NA NA NA
Raunds Furnells5 U.K. (England) 82 9 11.0 NA NA NA
Nidaros Cathedral Norway 22 3 13.6 NA NA NA
Library Site, Trondheim Norway 107 19 17.8 122 21 17.2
Haffjarðarey Iceland 13 3 23.1 NA NA NA
Kastella Crete 8 2 25.0 NA NA NA
Vicenne-Campochiaro Italy NA NA NA 23 12 52.2
Whithorn U.K. (Scotland) NA NA NA 149 17 11.4
Quadrella Italy NA NA NA 18 11 61.1
NSI: non-specific infection; T: tibia; Obs: observed
1Total number of observable individuals
2Total number of individuals with 1+ instances of periosteal infection
3Total number of observable tibiae
4Total number of tibiae with 1+ instances of periosteal infection
5male and female adults only
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Table 8.40 presents correlations of collective non-specific signs of infection (total NSI, 
tibial NSI and fibular NSI) from the European site samples by principal component 
analysis. As can be seen, the three categories of NSI - total, tibial and fibular, were all highly 
correlated. For this reason, PCA was not further explored utilising these parameters. 
 
Table 8.40:  Correlations (r2-values) of collective non-specific infection (total NSI, tibial NSI and 
fibular NSI) from the Library site sample and European site samples by principal component 
analysis 
% NSI I1 % NSI T1 % NSI F1
% NSI I 1.0000 0.8996 0.9491
% NSI T 0.8996 1.0000 0.9828
% NSI F 0.9491 0.9828 1.0000
NSI: non-specific infection; F: fibula; T: tibia; I: individual 
1indicates r 2-value; bold numbers indicate significance; significance
 is considered as values ≤‐0.5 or ≥0.5  
 
As can be seen from Table 8.37, a number of the samples lack data for one or two of the 
categories of lesions. However, because all of these are highly correlated, it is possible to 
use a mean calculated from the remaining data for each of these samples in order to 
compare any similarities, differences or clustering. Table 8.41 presents the mean 
frequencies of periostitis for each of the samples. Jutland, Nusplingen, Viðey and St 
Helens-on-the-Wall all clustered together with quite high frequencies of periostitis. The 
samples from Eleutherna, Pleidelsheim, Vicenne-Campochiaro and Wharram Percy all had 
similarly low frequencies of NSI. The sample from Sourtara Galaniou Kozanis had the 
lowest mean frequency of periostitis of 2.5%, well below the collective mean for the 
samples of 14.7%.  
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Table 8.41: Summary table of mean frequencies of NSI  in the Library site sample and 
European site samples 
Site Country %NSIM
1 
Sourtara Galaniou Kozanis Greece 2.5
Eleutherna Crete 4.9
Pleidelsheim Germany 5.6
Vicenne-Campochiaro Italy 5.7
Wharram Percy U.K. (England) 5.9
Kastella Crete 6.9
Messene Greece 9.1
Whithorn U.K. (Scotland) 9.1
Nidaros Cathedral Norway 11.1
Nin Croatia 12.1
Quadrella Italy 13.0
Raunds Furnells U.K. (England) 13.7
Library Site, Trondheim Norway 17.7
Haffjarðarey Iceland 18.2
Nusplingen Germany 25.9
Jutland Denmark 28.6
Viðey Iceland 29.4
St Helen-on the-walls U.K. (Scotland) 45.8
NSI: Non-specific infection
1Mean of total available data on NSI by individual and element  
8.2 Discussion 
Examinations into non-specific signs of infection aimed to provide insight into the 
frequencies of infection in the Library site sample, how frequencies of infection in the 
samples compared to one another, and what social, economic and environmental changes 
could have affected infection and thus, general health in the Library site sample and others. 
The study of inflammatory bone changes such as periostitis and osteomyelitis provide an 
opportunity to assess the exposure of both individuals and populations to infectious 
disease pathogens.  
 
Analysis of non-specific signs of infection in the Library site sample revealed a pattern of 
lesions typical across the bioarchaeological record, such as the tendency for infection to 
manifest in the lower leg bones. Across the main phases of the site, there were no 
statistically significant overall changes to frequencies of NSI, indicating that if infection 
were due to disease or daily activity, that the influence of these remained relatively stable 
across the phases. However, some differences between the sexes were apparent across 
phases, indicating that the factors leading to infection had a variable impact by sex over 
time. Differences across the two phases revealed changes in the division of NSI between 
age and sex groups which will be discussed here.  
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Some of the individual cases of NSI in this analysis have also been included for differential 
diagnosis (see Chapter Nine). A number of these individuals exhibited lesions that are likely 
the result of infection with leprosy or syphilis. However, the vast majority of individuals 
did not have the pathognomonic lesions typically used to determine causative infecting 
agents. The following discussions will aim to place the results in the context of 
bioarchaeological research and the historical evidence for presence of and influences on 
frequencies of infection in skeletal samples from medieval and early modern Europe. 
 
The pattern of NSI in the skeletal remains 
In the bioarchaeological record, the pattern of the tibia presenting with the greatest 
frequency of NSI is not unusual, particularly on the diaphysis (Goodman 1988, Ortner 
2003). Steinbock (1976) notes that in modern groups, the tibia and fibula are the most 
commonly involved bones. The common occurrence of NSI in these bones can be 
explained through the position of the anterior tibia and fibula close to the skin surface. As 
the periosteum in these cases is located close to the skin surface, localized periostitis, or in 
this case, NSI can be observed as secondary to trauma as the periosteum produces an 
osteoblastic reaction to injury (Ortner 2003). The Library site sample is certainly no 
exception to this rule, with the tibia the most commonly affected bone across all the phases 
and sexes. Evidence for a high frequency of infection in the tibia and, more generally in the 
lower limbs, is exhibited by the other European samples, and suggests that the tendency for 
infection in this bone is likely related to daily activities, or to the predominance of a specific 
infectious aetiology (Bourbou 2003, Yoder 2006, Jakob 2009).  
 
In a number of the comparison samples, such as Nusplingen, Pleidelsheim, Wharram 
Percy, Nin, Raunds Furnells, Eleutherna, Kastella and Nidaros, tibial bones were the most 
frequently affected by periostitis. Mays (2007) suggested that the predominance of lower 
leg involvement at Wharram Percy could be related to localised infection in adults resulting 
in chronic leg infection. This could have resulted from minor injuries incurred through 
daily activities, a view supported by a number of other analyses (Bourbou 2004, Richardson 
2007, Bourbou and Tsilipakou 2010, Larsen 2015). St Helen-on-the-Walls had an immense 
number of tibiae affected by periostitis. Of the observable tibiae, 61.8% were affected, with 
endemic syphilis suggested as a likely causative factor (Grauer 1993). As previous research 
conducted by Anderson et al. (1986) and the examinations in Chapter Nine show, there is 
demonstrated archaeological evidence for endemic syphilis in Trondheim during this 
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period. The predominance of tibial NSI in the Library site sample could be indicative of a 
high number of individuals infected with endemic syphilis in the population, in addition to 
those for which a definitive diagnosis has been made, or, as for Wharram Percy, that daily 
activities were influencing frequencies of infection. 
 
The effects of sex on NSI 
Sex differences in frequencies of NSI were apparent, though were only statistically 
significant in one instance (see Table 8.10 for result). Specifically, male individuals had a 
higher frequency of NSI in almost every instance across all phases and Phase B of the site 
(see Tables 8.9, 8.10, 8.20 and 8.21), with the exception of fibular NSI. The exception to 
this was Phase C, in which females had a similar frequency of individual NSI, and had 
greater frequencies of tibial NSI than males (see Table 8.32) though once again, these 
differences were not statistically significant. Thus, it appears that the higher male frequency 
in Phase B was contributing to the greater frequency of NSI in males across all phases of 
the site.   
 
Such a division between the sexes may be explained by a number of factors and is 
supported by evidence for this pattern in the bioarchaeological record. As indicated by 
Tables 8.38 and 8.39, males had a frequency three times that of their female counterparts in 
the sample from Nin and a higher frequency was demonstrated in male tibiae in the 
Whithorn sample, though neither of these differences were statistically significant (Cardy 
1997, Novak et al. 2012). The aggregated sample from Jutland also resulted in a higher 
frequency of NSI in males than females (Yoder 2006) as did the samples from Quadrella 
and Vicenne-Campochiaro (Belcastro et al. 2007). 
 
A number of hypotheses have been posed for higher frequencies of infection in males, or 
conversely, lower levels in females. These include in males: physiology, participation in 
high-risk activities and an increased exposure to pathogens, and for females: immune 
reactivity, stronger immune responses and that females are less prone to chromosomal 
disorders (Stinson 1985, Ortner 1998, Djurić‐Srejić and Roberts 2001, Yoder 2006, Jakob 
2009, Shuler 2011). Ortner (1998) notes that ultimately, exposure to infective agents across 
the sexes will vary between societies according to their culturally defined gender roles, 
although he then concludes that exposure, at least for the samples he examined, was likely 
to be equal.  
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Within the European comparison samples, Yoder (2006) suggests that males in Jutland 
could have suffered from poorer health or that higher frequencies recorded were a result of 
differences in sex-specific activities. Within the pooled German samples analysed by Jakob 
(2009), including Pleidelsheim and Nusplingen, males had a higher frequency of periostitis. 
Jakob (2009) argues that both men and women from these samples would have been 
equally exposed to pathogens through agricultural practices and contact with domesticated 
animals, particularly over winter, when most individuals would have been involved in the 
feeding, milking and stabling of livestock. Jakob (2009) suggests that more frequent 
occurrence of traumatic injuries amongst men may have led to higher frequencies. 
Particularly, considering the majority of infections occurring in the lower legs, this may 
have been the result of activity-related trauma (Jakob 2009). Higher frequencies of NSI in 
males at both Eleutherna and Crete are also linked to males performing daily activities 
resulting in minor trauma (Bourbou 2003), as opposed to any factors relating to biological 
differences. If the above factors are the contributing cause here, it appears that the 
differences in frequencies of infection between the sexes in Phase B particularly, were likely 
related to differential activities undertaken by males and females in Trondheim.  
 
Given the possibility that a form of syphilis could be causing NSI in the individuals from 
the Library site sample more generally, it must also be considered that this may be a factor 
in the higher frequencies of NSI in males. Typically, bioarchaeology has not tended to 
examine the treponematoses from the perspective of sex differentiation. However, Ortner 
(1998) notes that modern clinical data suggests that there is a greater frequency of venereal 
syphilis in males when compared to females, along with a number of other chronic diseases 
such as osteomyelitis, tuberculosis, leprosy and brucellosis. Recent evidence collating 
frequencies of venereal syphilis since the 1960s demonstrates consistently higher ratios of 
males compared to females, peaking at 5:2 in 2002 (Peterman et al. 2005). Whilst this may 
not be true of the epidemiology of historical venereal syphilis, it does suggest a potential 
difference in the past between the sexes. However, the same cannot be said for the other 
endemic treponematoses, with endemic syphilis demonstrating no increased prevalence in 
males (Ortner 2003). Chapter Nine further explores the case for specific infectious diseases 
in the Library site sample and concludes that while there were no confirmed diagnoses of 
venereal syphilis, endemic syphilis is likely infecting three individuals, with previous 
research into the site also confirming this hypothesis (Anderson et al. 1986). Though 
infections in the sample may be attributable to venereal syphilis and thus, may explain sex 
difference, the evidence in Chapter Nine would appear to suggest otherwise.  
 
288 
 
In Phase C there was an increase in the frequency of tibial NSI in young females, though 
this was not significant. Young females had slightly higher frequencies of NSI than their 
Phase B counterparts in all but one aspect. Furthermore, the frequencies in Phase C young 
females were on par with or greater than, frequencies in young males, though none of these 
differences were statistically significant. However, this was not the case generally for 
females, with rates of total NSI fairly static between the phases and rates of fibular NSI 
decreasing in old females (though not significantly so). This would suggest changes in 
exposure to periostitis-causing agents in young adults. Whilst these differences were not 
statistically significant, it may indicate some sort of change in differential labour, with 
females experiencing an increase in exposure to NSI-causing agents. This may also suggest, 
at least in the case of female individuals, that the lesser frequency of NSI in older adults 
indicates that those who were not exposed to the infective agent or did not develop lesions, 
were more likely to survive into old adulthood. 
 
Young females attributed to Phase C may have become more involved in activities that 
were previously confined to male individuals during Phase B. The same could also be said 
of their exposure to infective agents. A number of authors have suggested that tibial and 
fibular NSI can be caused by minor trauma from everyday activities (Richardson 2007, 
Bourbou and Tsilipakou 2010, Larsen 2015). The presence of NSI on the lower limbs at 
the Newton Plantation site has been attributed to activities associated with sugar 
production, including skin lacerations from tools and leg abrasions becoming infected from 
kneeling in dirt to plant cane (Shuler 2011). This was also supported by similar lesions from 
skeletons at Harney and Seville Plantation, both in Jamaica (Mann et al. 1987, Armstrong 
and Fleischman 1993). Shuler (2011) goes on to argue that even today, sugar labourers wear 
shin guards to protect from injury (Wilkinson 1989), demonstrating a direct link between 
agricultural labour and leg trauma.  A number of other authors argue for participation in 
daily physical activities as a major factor in the high prevalence of periostitis in the lower 
leg in the archaeological record, particularly amongst men (Lambert 1994, Bourbou 2003, 
Yoder 2006, Jakob 2009). 
 
The labour of young males and females from Phase B may have been divided along sex 
lines, as was often the case in medieval Europe. Bourbou (2003) notes that this was likely 
occurring at Kastella and Eleutherna, with the tendency for periostitis in the lower limbs of 
males probably linked to repeated minor trauma as a result of differential occupations. 
Social behaviours also could have altered in Phase C, causing females to have increased 
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exposure to pathogens. This could be related to increased involvement in agricultural 
activities or exposure to domesticated animals, amongst other factors. 
 
An increase in female exposure to infective agents or a change in activities during Phase C 
could be attributed to Trondheim's economic decline, the onset of bubonic plague or the 
onset of the LIA in the 13th and 14th centuries (see Chapter Two). In these circumstances, 
females may have begun to undertake activities that were historically reserved for men. As 
previously discussed, an increased reliance on animal husbandry and resulting extended 
contact with livestock would have increased the chance of infection with zoonoses. 
However, this change would have affected both sexes and does not by itself explain an 
increase in infection frequencies in female individuals.  
 
In Southern, Northern and Western Europe, depopulation led to greater demand for 
agricultural labour, despite the reduced subsistence requirements of the population, as 
landlords competed to retain and attract sufficient labour to work their holdings, and thus 
maintain their incomes (Schneider 2014, Peters 2010). This increased demand, and the 
increasing commercialisation of agriculture, may have seen an uptake in labour amongst 
females (Pamuk 2007, Voigtänder and Voth 2009). In turn, this agricultural labour may 
have increased either exposure to pathogens or activities which were more likely to result in 
infection. In addition, if the impacts of the LIA had reduced the productivity of the land 
and growing conditions (Lamb 1995), a greater proportion of individuals, including 
females, may have been required to take part in agricultural labour to ensure the survival of 
the community. This seems the most likely explanation for the greater frequencies of NSI 
amongst women during Phase C. 
 
However, while this may account for higher frequencies in young females it does not 
explain the reduced frequencies of infection in young males. Such a pattern may be 
explained, as above, by an uptake or decrease in certain activities or an improvement in 
male immunity. It may be that in this instance, young males had, by Phase C, become less 
involved in those activities that had a tendency to infect the tibial and fibular diaphyses. 
Alternatively, females may have had lower resistance to the pathogens causing lesions. If 
indeed, the infective agent was contracted through an uptake in activities previously only 
undertaken by males, it would make sense for males to have built up a stronger resilience to 
this infection in this population. In addition, given the known link between infection and 
malnutrition (Mata 1990, Scrimshaw and SanGiovanni 1997, Roberts and Manchester 
2007), differential access to nutrition could also be acting to influence disparities in 
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infection in both phases. As previously posed for high rates of calculus and dental caries in 
young adults (see Chapter Six), this could also be an example of selectivity, in that, females 
dying at a younger age also exhibit higher frequencies of infection. In this case, converse to 
the examples of dental caries and calculus, it is easier to see the link between higher rates of 
infection and increased mortality risk in young adults, even if this was not the ultimate 
cause of death.  
 
The effects of geographical location on NSI  
Unfortunately, it was difficult to obtain data from the comparison samples pertaining to 
NSI. The majority of previous research, as can be seen from Table 8.37, only provided data 
for one or two sites of infection. Many examinations into NSI only published data relating 
to individual NSI for all bones and no data specifically for tibial or fibular NSI by 
individual. Only six samples, including the Library site, had data for fibular NSI by bone 
count. The majority of these inconsistencies related to the presentation of these data, and 
the ability to reliably separate subadult from adult data.  
 
The Library site sample had the third highest frequency of individual NSI, after St Helen-
on-the Walls and Viðey. However, when viewed as a mean of total NSI frequencies 
presented (see Table 8.41), the Library site sample was far closer to the collective mean of 
all the samples. This said, frequencies tended to be higher in this and other more northern 
samples such as Jutland, Nusplingen, Viðey, Haffjarðarey and St Helen-on-the-Walls. It is 
possible that the higher latitude of these sites may be contributing in some way to higher 
frequencies of NSI. Besides exposure to infectious agents, periostitis can also be caused by 
traumatic injury. Examinations into Colles' fractures in the Library site sample compared to 
the human skeletal remains from Wharram Percy have found that fractures were 
collectively more frequent in older females in the Norwegian sample (Mays et al. 2006). It is 
suggested that at Wharram Percy, falls were onto yielding surfaces that resulted in lower 
fracture risks (Mays 1996). In comparison, the streets of Trondheim consisted 
predominantly of cobbled stone that would have been made slippery by winter snow, 
resulting in higher frequencies of fractures (Mays et al. 2006).  This would have been 
particularly the case during the LIA, especially during the 14th and 17th centuries which were 
characterised by cold winters and periods of unusually heavy snow (Briffa et al. 1992, 
Grove 2001, Grove 2004, Lamb 2011). This may have been led to higher frequencies of 
NSI at Trondheim, particularly in the lower legs, if falls were common and impacted on the 
tibia and fibula. Whilst not all sites of higher latitude discussed here also demonstrated 
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higher frequencies of NSI, such as Whithorn and Nidaros Cathedral, this may suggest the 
effect of climate on traumatic injury resulting in NSI. Examinations into fracture patterns 
in the lower limbs of individuals from the Library site sample, and comparing frequencies 
of fractures in Phase B and C would cast further light on this hypothesis. 
 
It is also possible, and probably more likely, as has been demonstrated for previous 
chapters, that the nutritional impacts of parasitism could have contributed to frequencies of 
NSI in the Library site sample, or that infection was due to the presence of a specific 
disease.  As Chapter Nine will demonstrate, there are at least three confirmed cases of 
endemic syphilis in the Library site sample. It is possible that this high rate of infection 
could be the result of a specific infectious disease, such as endemic syphilis, present at 
endemic levels in the population.  
 
In relation to rates more generally across the European sample sites, the influence of 
different settlement types (i.e. rural or urban) on frequencies of infection is unclear. The 
effects of population size and density on pathogen transmission are well known, along with 
the contribution of malnutrition and sedentism to increasing frequencies of infectious 
disease (Larsen 2015). It has commonly been observed that the degree of urbanisation is 
reflected in the health of its population, whether it be through physical growth, 
development, or health status (Budnik and Liczbińska 2006). In Mays' (2007) research 
comparing the samples from St Helen-on-the-Walls and Wharram Percy, he suggested that 
a greater pathogen load at St Helen-on-the-Walls may be due to the urban nature of the 
sample. Sourtara Galaniou Kozanis and Nin exhibited fairly low levels of NSI, with Novak 
et al. (2012) and Bourbou and Tsilipakou (2010) suggesting that both populations had fairly 
good living conditions, strong immune systems and in the case of Nin, a favourable 
geographic location.  
 
However, the case for the impact of settlement type, particularly in relation to population 
density, on levels of infection does not necessarily hold true in all the European samples 
assessed. Whilst a number of the samples, as discussed above, do fit in with this commonly 
held view of the detrimental effects of the urban environment on disease load (Aufderheide 
and Rodríguez-Martín 1998, Steckel 2004, Koepke and Baten 2005, Roberts 2009, Koepke 
2010), a number do not. Whithorn, Pleidelsheim and Nin are examples of urban settlement 
types exhibiting average to low frequencies of NSI, whilst Haffjarðarey and Nusplingen, 
both defined as rural settlement types have frequencies of NSI greater than the collective 
mean.  
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Research into British urban-rural inequalities by Pitts and Griffin (2012) and Redfern et al. 
(2015) also do not conform to the widely held view that living in an urban environment in 
the past was more detrimental to individual and population health. Pitts and Griffin's 
(2012) study into skeletal samples from Roman Britain found that overall, rural populations 
had a higher frequency of disease compared to their urban contemporaries. Whilst the 
discrepancies were not so strong in Redfern et al.'s (2015) research, their comparison of 
settlement types in Roman Dorset found that there were no significant differences in 
survivorship or mortality risk when subadults were included in the analysis. The research of 
Pitts and Griffin (2012) and Redfern et al. (2015) and the present analysis of European 
samples challenge the traditional notion that populations living in rural areas experienced a 
greater quality of health than their urban counterparts.  
 
No other links between the samples with similar means were immediately apparent in 
relation to economic status, diet or climatic classification. It is unfortunate, though not 
unexpected, that initial PCA analyses demonstrated significant correlations and lacked a 
number of data points necessary for a robust analysis.  
8.3 Summary 
This chapter described and discussed the evidence for non-specific signs of infection in the 
Library site sample, and placed this in the context of frequencies across Europe, as well as 
social, economic and environmental changes occurring during the period from which the 
sample dates. The results presented here have improved our understanding of the 
frequencies of infection in the population, the potential influences of climate, location and 
sex on health, how the health of this population compares to contemporary European 
samples and the picture of European palaeohealth more broadly.  
 
The patterns of bone infection in the Library site sample were fairly typical of that seen 
throughout the bioarchaeological record. The tibia was the most frequently affected bone, 
followed by the fibula. Patterns of NSI may suggest, amongst other diseases, infection with 
endemic syphilis. This has been confirmed by previous studies and is further discussed for 
specific case studies in Chapter Nine.  
 
Frequencies amongst males were slightly higher when compared to females, particularly in 
Phase B, a division which was supported by numerous European samples also reporting 
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higher male frequencies of NSI. This could have been related to differential labour 
activities, which exposed male individuals to more opportunities for infection. This gap 
lessened during Phase C, which may indicate that females in the population were required 
to take on roles that were previously undertaken by men. This could have involved an 
increase in females' contribution to agricultural activities. The onset of the LIA, coinciding 
with the bubonic plague, resulted in a decrease in agricultural productivity and in 
population, which would have impacted on the total size and makeup of the labour force, 
particularly if this had previously been dominated by males. Whilst sex differences relating 
to potential infection with venereal syphilis were assessed, this is an unlikely cause for levels 
of infection in the sample as a whole given that there were no confirmed cases of venereal 
syphilis in the sample (see Chapter Nine, section 9.3.2).  
 
Trondheim had the highest frequencies of individual NSI when compared to other 
European samples, although this lessened once a collated mean for each sample was 
utilised. It is possible that climate may have been playing a role in increasing frequencies of 
infection, particularly at those sites situated at higher latitudes where colder, slippery 
conditions may have impacted on infection through traumatic injuries such as falls. More 
likely though, is that parasitism or the presence of infectious disease led to this greater rate 
of NSI in the sample.  
 
The influence of urban environments on increasing frequencies of infection was not 
confirmed by the comparative European samples presented here. A number of samples 
excavated from rural areas exhibited high levels of NSI and conversely, low frequencies of 
NSI were found at some urban sites.  
 
Neither settlement type nor other social or environmental variables appear to explain the 
clustering of certain samples around similar NSI means. Whilst a number of samples had 
higher NSI frequencies than the Library site sample, the effects of endemic infectious 
disease, climate, marine parasites, or the economic stress of the period, may have 
contributed to heightened levels of NSI in this sample, although not to the extent of many 
other samples in Europe. Relationships between the samples will be further explored in 
Chapter Ten, which will address specifically the statistical evidence for links between 
pathological lesions and social and environmental variables.  
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Chapter Nine 
Case Studies in Specific Infectious Disease at the Library Site 
 
The presence of specific infectious diseases in a skeletal sample can reveal information not 
only pertaining to a particular individual's health status, but also that of their entire 
community. Population density, crowding, nutritional adequacy, agricultural practices and 
sanitation are all factors known to affect the maintenance and spread of disease within 
populations (Larsen 2015). The presence or absence of particular diseases can serve to 
illustrate the living conditions of the population from which a sample is taken. 
 
The purpose of this chapter is to explore the evidence for specific infectious diseases in the 
individuals excavated over all phases from the Library site. In previous chapters, the 
general palaeohealth of the sample has been discussed, including the evidence for non-
specific infection, notably periostitis in postcranial bones, particularly the tibia and fibula. 
This chapter will examine individuals for whom a number of skeletal lesions and 
abnormalities are present which may be attributable to specific infectious diseases. This will 
be undertaken in order to determine what infectious diseases were broadly present in the 
population during the medieval and early modern periods and how this compares to the 
situation in the rest of Europe. Additionally, through determination of specific infectious 
diseases in the population, this chapter will also explore the epidemiological basis for the 
maintenance of these diseases and thus, will discuss what factors could have been affecting 
the presence of infectious diseases in this population.   
 
This chapter will begin with a discussion on the history of a number of infectious diseases 
in Europe, particularly Scandinavia. Palaeopathological evidence for these diseases in 
Norway, and specifically from sites excavated in Trondheim will be summarised. This will 
be followed by a description of the lesions assessed, by individual, along with information 
relating to the preservation of the skeletal material for each individual. Differential 
diagnoses of the diseases will be divided by specific cause, with information pertaining to 
the geographical distribution, epidemiology and palaeopathology of each disease provided, 
where relevant.  
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9.1 History of infectious disease in medieval and early modern Norway 
9.1.1 Leprosy 
Leprosy was long a part of medieval life and earned itself a place in history as one of the 
most abhorred and feared of infectious diseases. For the majority of Europe, frequency of 
the disease appears to have peaked during the crusades. Many hospitals were established 
during the Middle Ages, with the construction of 19,000 lazar houses by the 13th century, 
and the disease is well documented in medieval England (Roberts 1986). Leprosy virtually 
disappeared in Europe around the 17th century. This decline has been attributed to a 
number of factors, including the improvement of medical diagnoses (which would have 
helped to differentiate the disease from others with which it had previously been confused), 
an increase in standards of living, growing immunity amongst the populations to the 
disease and the high mortality of plague (Steinbock 1976, Carmichael 1993, Larsen 2015). 
In addition, the relationship between tuberculosis and leprosy, that is, that tuberculosis 
provides partial immunity to leprosy (Steinbock 1976, Johnston 1993, Donoghue et al. 
2005, Setia et al. 2006, Waldron 2008, Trindade et al. 2013) may have contributed to its 
decline in continental Europe.  
 
Norway has a long association with the disease, as does the rest of Scandinavia, particularly 
Denmark. Denmark's contribution to leprosy research is obvious in the many and varied 
works by Møller-Christensen on the subject (1953, 1961, 1965, 1967, 1969, 1974, 1978), 
amongst others; these are significant for any discussions of the palaeopathology of this 
disease. Extensive excavations have revealed skeletal evidence for the disease in Denmark 
and Norway in the 13th century (Carmichael 1993, Roberts 2011). 
 
Whilst leprosy declined in the rest of Europe around the 17th century, new cases continued 
to be identified in Scotland, Iceland and Norway (Richards 1960, Sharp 2007, Lynnerup 
and Boldsen 2012). Lynnerup and Boldsen (2012) have suggested that the peaty soil of the 
northern European regions in which Mycobacterium leprae thrives (Kazda et al. 1990) could 
have been the reason for its endemicity in these regions. Leprosy was well known along the 
coast of Norway up until the 19th century, and this has usually been attributed to poor 
housing conditions (Helle 2003). During the medieval period, 20 hospitals for the poor and 
sick, including leprous individuals were established in Norway (Steinbock 1976, Orrman 
2003).  A. G. Hansen, a Norwegian physician for whom the disease is also named, isolated 
the microorganism for leprosy, Mycobacterium leprae in 1873, possibly influenced by the 
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prevalence of the disease along the Norwegian coast, which continued into the 1920s 
(Carmichael 1993, Watts 1999).  
 
Skeletal evidence for leprosy has been uncovered from the site of Nidaros Cathedral in 
Trondheim, dated to the 18th and 19th centuries, with one individual presenting with facies 
leprosa, and three other individuals presenting with skeletal evidence for possible 
lepromatous or tuberculoid leprosy (Hughes 1998). Leprosy was common in Trondheim 
during the early modern period, and despite a decrease in the number of lepers in 
Trondheim's hospital in the 18th century, 46.25% of applicants for places were lepers 
(Grankvist 1982, Hughes 1998).  
9.1.2 Treponemal disease 
The origins of venereal syphilis remains in contention (Baker and Armelagos 1988, 
Armelagos et al. 2005, Powell and Cook 2005, Rothschild 2005, Wolfe et al. 2007, Harper et 
al. 2011), as does the timing of its appearance in the Old World (Baker and Armelagos 
1988). However, it is clear that the disease was present in Europe at least from the early 
16th century. The first well-known outbreak occurred in French troops besieging Naples 
(Farhi and Dupin 2010), with the disease subsequently spreading rapidly across Europe. 
Whilst scant definitive skeletal evidence exists for Norway, literary evidence points to its 
spread to Bergen in the early 16th century (Anderson et al. 1986, Watts 1999). One 
individual excavated from the Nidaros Cathedral site shows evidence of tertiary syphilis, 
presenting with caries sicca and periostitis on the tibia and fibula (Hughes 1998), as does a 
skeleton from an excavation at Var Frue Kirke which has been dated to AD 1681-82, 
which also exhibits caries sicca (Booth 1996). From the mid 18th century, leprous 
individuals in Trondheim's hospital were increasingly replaced with those infected with 
venereal syphilis (Grankvist 1982, Hughes 1998). 
 
There is no skeletal evidence for yaws in historical Norway, and considering its present-day 
geographical distribution broadly in warm moist climates (see section 9.3.2) it would be 
highly unlikely for this to be present in the archaeological record in northern Europe. Pinta 
does not present with bone lesions and is also the most geographically limited of the 
treponemal diseases (see section 9.3.2). 
 
Conversely, endemic syphilis has a long documented history in Norway. Endemic syphilis 
was widespread throughout Europe, the Middle East, and Africa until the 19th century 
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(Collins and Powell 2012). Endemic syphilis was known in Norway as 'radesyken', and has 
been known to occur historically in many other Scandinavian countries (Anderson et al. 
1986). Whilst the disease became less prominent in Europe with an improvement in living 
conditions, this was not the case for Norway. Historical accounts record endemic syphilis 
in Norway until the 19th century, particularly around the rural districts of Trondheim 
(Hudson 1961, Anderson et al. 1986).  
 
9.1.3  Tuberculosis 
 
As established previously, the cross-immunity between leprosy and tuberculosis likely led 
to the decline of the former with the rise of tuberculosis in Europe in the 18th century. The 
rise of urban and industrial development led to tuberculosis becoming an epidemic, 
particularly in Europe. The disease peaked in the 18th and 19th centuries in Europe, 
particularly with the movement of rural populations to urban centres looking for 
employment (Aufderheide and Rodríguez-Martín 1998). Urbanisation led to overcrowding 
and poverty, which are important factors in the spread and maintenance of the disease 
(Friedland 2010, Roberts 2012, Fitzgerald et al. 2015). 
 
Prior to the rise of the disease in Europe, tuberculosis likely existed at endemic levels in 
Eurasia, North Africa and possibly the Americas (Johnston 1993). The rural lifestyle until 
the later middle ages of Europe including Britain, where communities largely consisted of 
small self-sufficient clusters, was likely not conducive to the spread of tuberculosis 
(Aufderheide and Rodríguez-Martín 1998). Whilst evidence does exist in Europe for 
tuberculosis prior to its rapid increase in the late middle ages and renaissance, it is likely 
that these cases would have stemmed from infection with Mycobacterium bovis through 
transmission from cattle (Aufderheide and Rodríguez-Martín 1998). 
 
Scant skeletal evidence for tuberculosis has been found in Norway. Analysis of the sample 
excavated from the 18th-19th century cemetery at Nidaros Cathedral found evidence for 
Pott's disease and tuberculosis coxitis in three individuals (Hughes 1998). Excavations in 
the early 20th century also revealed a 13th century Viking burial in Greenland with evidence 
for tuberculosis (Wood 1991). Despite this lack of evidence, tuberculosis was certainly 
prevalent in the country by the mid 19th century with the highest mortality figures from the 
disease for the years AD 1896 to AD 1900 (Wood 1991). 
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9.2 Description of pathological lesions in the Library site sample 
This section will outline the pathological lesions present in a number of individuals 
excavated from the Library site. These will be presented by the skeletal ID numbers 
attributed during the initial excavation, and will outline abnormalities on any of the bones 
present. These individuals have been chosen for discussion and differential diagnosis due 
to the presence of multiple pathological lesions that may be attributed to a specific cause.  
 
These will be analysed in the following section (section 9.3) in the context of known 
skeletal manifestation and geographical distribution of diseases, in order to identify a 
specific cause for the skeletal abnormalities present in each individual. This will answer 
questions as to the presence of specific infectious diseases in the Library site sample and if 
historical evidence for particular diseases in Norway, such as endemic syphilis, are 
supported by the bioarchaeological record.  
SK005 (N80662) 
This individual was determined to be a male with an estimated age of 17-25 years (young 
adult) and attributed to Phase C of the sample. This individual was well preserved, as 
illustrated by Figure 9.1. A large proportion of the skull was complete including the frontal, 
parietal, temporal and occipital bones. The majority of dentition was also recovered, as 
were the maxilla and mandible. The nasal bones were not preserved. Most vertebrae and 
ribs were fragmented, with the exception of the axis, atlas and 4th and 5th lumbar vertebrae. 
Most of the long bones were well preserved and near-complete, with the exception of the 
left humerus, for which only the middle and distal thirds were present. A number of hand 
and foot bones were preserved including 11 carpals, nine metacarpals and 19 hand 
phalanges, and in the feet, nine tarsals, eight metatarsals and ten phalanges. 
 
This individual exhibited a number of pathological lesions in the long bones as illustrated in 
Figure 9.1. The left humerus presented with a small lesion situated in the olecranon fossa 
with associated new bone formation around the margins. This was attributed to the 
beginnings of septal aperture formation of the distal epiphysis and was therefore not 
included in the subsequent diagnosis. Mild healed new bone formation was present along 
the posterior shafts of both ulnae, although it was slightly more severe on the right ulna. 
Bilateral new bone formation on the tibiae was also apparent, which had become sclerotic 
in some areas, with formation along the proximal and medial thirds of the anterior shafts of 
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both tibiae. Both had additional bone formation to the middle of the anterior shaft which 
resulted in  thickening of the tibiae anteriorly.  
 
 
Figure 9.1: SK005 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
SK008 (N80665) 
SK008 was a female with an estimated age of 35-45 years (old adult) and attributed to 
Phase C. As for many skeletons from Phase C of the sample, preservation of this individual 
was very good; however, only postcranial elements were recovered (see Figure 9.2). Partial 
left and right scapulae were recovered, as were a number of ribs with complete sternal 
ends, enabling age estimation from sternal rib end morphology. All long bones were 
present and complete, as were the os coxae, sacrum and the majority of vertebrae, with the 
2nd lumbar vertebrae the only exception to this. Of the hand and foot bones, 12 carpals, ten 
metacarpals and 19 hand phalanges were recovered, as were nine tarsals, eight metatarsals 
and a single foot phalanx. 
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Figure 9.2: SK008 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
SK008 presented with a small lytic lesion less than 1 cm in diameter just below the 1st sacral 
vertebra on the posterior aspect of the sacrum (Figure 9.3). Bilateral healed and new bone 
formation was present on the tibiae along the shaft on the medial and lateral sides. Both 
fibulae were also involved and presented with periosteal bone formation on the middle and 
distal thirds of the medial shafts. This was far more severe than that on the tibiae and 
consisted only of sclerotic bone without new woven bone (Figure 9.4). No sequestra or 
cloacae were present on any of the affected long bones. The right calcaneus also presented 
with some sclerotic bone formation on the dorsal surface and the fifth left metatarsal 
presented with resorption at the distal end of the bone (Figure 9.5).  
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Figure 9.3: SK008 - lateral view of the sacrum (right side). Small lytic lesion, <1 cm in diameter. 
 
 
Figure 9.4: SK008 - medial view of the distal right fibula. New bone formation which has 
become sclerotic. 
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Figure 9.5: SK008 - medial view of the left 5th metatarsal. Resorption of the distal end of the 
bone. 
 
SK022 (N80679) 
This adult female, of unknown age, attributed to Phase C, presented with a number of 
bilateral lesions of the long bones. In terms of preservation of the skeleton, a number of 
elements comprising the cranial and postcranial skeleton were recovered (see Figure 9.6). 
The frontal, parietals and right temporal were all present, along with a partial maxilla and 
complete mandible. Both clavicles were preserved, along with partial left and right scapulae 
and all long bones. A large number of hand bones were preserved including six carpals, 
nine metacarpals and 20 phalanges. The vertebral column was also complete, along with a 
partial sacrum and os coxae. Nine tarsals, ten metatarsals and eleven phalanges were 
preserved from the feet.  
 
Areas of skeletal abnormalities are represented in Figure 9.6. Sclerotic bone formation was 
present along all aspects of the distal epiphyses of both radii and was pronounced along the 
anterior and lateral surfaces of the shaft of the right ulna, with some occasional areas of 
new bone formation. Both ulnae were bowed from the middle of the shaft downwards. 
The right femur exhibited some very mild sclerotic bone formation on the posterior aspect 
of the distal shaft. The right patella had extensive bone formation to the anterior surface 
which had become sclerotic; the left patella was not preserved. Severe sclerotic bone 
formation was present bilaterally along the shafts of both tibiae and fibulae. This was 
particularly severe at the middle and proximal thirds and had resulted in bone deposition to 
the middle thirds of both tibiae leading to a swollen appearance (Figure 9.7). Bone 
deposition had also led to a widening of both fibulae at the distal ends of the shafts. Both 
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fibulae were bowed laterally; although the left side was far more severely affected on all 
aspects. 
 
 
 
Figure 9.6: SK022 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
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Figure 9.7: SK022 - posterior view of the middle left tibia. Sclerotic bone formation leading to 
'swollen' appearance. 
 
SK032 (N82402) 
SK032 was approximately 17-25 years old (young adult), of unknown sex and attributed to 
Phase C. As can be seen by Figure 9.8, a number of elements were fragmented, including 
the ribs, vertebrae, os coxae, maxilla and mandible. Of the cranial bones, only the frontal 
and temporal bones were preserved, with a number of other cranial fragments recovered 
during excavation. For the postcranial skeleton, partial long bones were present. The right 
ulna and fibula were only partially preserved whilst the tibiae and right femur lacked distal 
and proximal epiphyses. The vertebrae consisted mostly of fragments with the exception of 
the atlas and axis. A number of hand bones were preserved including 13 carpals, ten 
metacarpals and 17 phalanges. 
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Figure 9.8: SK032 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
This individual presented with bilateral sclerotic and new bone formation on the shafts of 
the tibia and fibula, particularly on the right side. Sclerotic bone formation extended across 
the shafts of the affected bones (Figure 9.9) and was particularly prominent at the proximal 
end of both fibulae and along the interosseous crest (Figure 9.10). The right capitate also 
had a small area of porosity on the hamate aspect. The right ulna exhibited some mild 
porosity to the posterior aspect of the proximal epiphysis. The oral health of the individual 
was good and no other lesions were present. Some portions of the skull were also present 
and did not exhibit any pathological changes. 
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Figure 9.9: SK032 - posterior view of proximal right tibia. Sclerotic and new bone deposition. 
 
 
Figure 9.10: SK032 - anterior view of the proximal right fibula. Extensive sclerotic bone 
formation. 
 
SK033 (N82403) 
The preservation of this male adult attributed to Phase C is illustrated in Figure 9.11, along 
with elements affected by pathological changes. This individual was not as well preserved 
as the preceding examples, with only elements from the right side of the body recovered. 
These included the right clavicle, partial scapula, ten partial ribs, humerus, radius, ulna, five 
metacarpals, seven hand phalanges, femur, patella, tibia, fibula, os coxae, talus, calcaneus, 
three tarsals and three metatarsals. The 3rd, 4th and 5th lumbar vertebrae and complete 
sacrum, however, were present.   
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Figure 9.11: SK033 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
This individual presented with two lesions of interest as indicated on Figure 9.11. The right 
tibia displayed extensive new bone formation that had become sclerotic on the distal third 
of the lateral aspect of the shaft, adjacent to the inter-fibular notch, which appeared to be a 
combination of lytic and blastic bone formation (Figure 9.12). The borders of this lesion 
were well defined and limited to this small oval-shaped area. The lesion also had a concave 
appearance with sclerotic bone formation filling this cavity in some areas. This lesion had 
the same morphology as another on the right fibula on the medial aspect of the distal shaft 
(Figure 9.13). This lesion had significantly more bone formation and was matched in terms 
of location to the lesion present on the tibia. No other pathological changes were present 
on this individual.  
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Figure 9.12: SK033 - lateral view of the distal right tibia. Lytic and blastic bone formation. 
 
 
Figure 9.13: SK033 - medial view of the distal right fibula. Extensive bone formation. 
 
SK078 (N85171) 
SK078 was a male, 17-25 years of age (young adult) and attributed to Phase B of the 
sample. Figure 9.14 indicates the preservation of elements for this individual and sites of 
pathological lesions and abnormalities. SK078 was one of the most complete individuals 
recovered. The only bones that were not recovered for this individual were the coccyx, a 
number of carpals and hand and foot phalanges. Importantly, for analysis of infectious 
diseases affecting the rhinomaxillary and cranial areas such as leprosy and syphilis, the nasal 
bones and cranium were fully intact.  
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Figure 9.14: SK078 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
This individual appeared to have had significant health problems throughout his short life, 
with sites of pathological lesions indicated by Figure 9.14. Firstly, the individual presented 
with mild cribra orbitalia. On the maxilla, SK078 had extensive sclerotic bone formation  
and pitting to the anterior aspect of the bone, directly below the septal aperture (Figure 
9.15). This extended down to the teeth and around the side of the nasal bones. Pitting of 
the bone was also evident to the middle of the palate. No other bone formation or loss 
appeared to be present on the palate or in the nasal sinus from physical observation of the 
skeleton. The posterior aspect of the manubrium was also highly porous. The right 
trapezoid also had a small well healed lytic lesion to the proximal aspect.  
 
311 
 
 
Figure 9.15: SK078 - anterior view of the maxilla. Extensive alveolar resorption. 
 
Mild new and healed bone formation was present on both tibiae and fibulae. This 
presented along the medial and lateral aspects of the tibial shaft and all aspects of the 
fibular shafts, particularly as sclerotic bone formation to the distal epiphyses, although this 
was very mild. Both fibulae had a single small, well defined lytic lesion on the lateral aspect 
of the distal epiphyses (Figure 9.16). The anterior aspect of the left patella also had 
extensive porosity, and both fifth metatarsals had a combination of new and healed bone 
formation on the plantar aspects of the shafts (Figure 9.17). 
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Figure 9.16: SK078 - lateral view of the distal right fibula. Well defined lytic lesion. 
 
 
Figure 9.17: SK078 - plantar (inferior) view of the 5th right metatarsal. Combination of new and 
healed bone formation. 
 
SK165 (N89819) 
This individual, attributed to Phase C, was a male aged around 35-45 years (old adult). As 
indicated by Figure 9.18, the majority of preserved elements were in the lower body and 
included both femora and tibiae, the left fibula, left patella and a partial left os coxae. 
Fragments of the ribs, vertebrae and sacrum were also recovered, along with five complete 
right hand phalanges. Both the left and right talus and calcaneus were preserved, along with 
nine tarsals, ten metatarsals and 11 foot phalanges in total. 
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Figure 9.18: SK165 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
Mild new bone formation, some healed, was spread throughout the lower limbs on the 
femora, tibiae and on the left fibula. This was present on the medial aspect of the middle 
third of both femora, and the proximal third of the right femur. Some sclerotic bone 
formation was present on the lateral shafts of both tibiae. The left fibula appeared to be the 
most affected element. Mild sclerotic bone formation extended along most aspects of the 
shaft, excepting the posterior of the bone. There was a small amount of bone deposition 
resulting in a mild swelling and bowing of the bone from the distal third. This may have 
been the result of some kind of trauma that had subsequently healed, as the bowing began 
quite distinctly from this juncture (Figure 9.19).  
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Figure 9.19: SK165 - lateral view of the left fibula. Bowing from the middle to distal thirds. 
 
SK222 (N92119)  
The majority of the preserved elements from this individual were postcranial. Due to this, a 
specific age and sex determination was not possible for this individual, beyond establishing 
that they were an adult attributed to Phase B. This individual was poorly preserved, with 
the tibiae and fibulae the only near-complete long bones, though these were both missing 
proximal epiphyses (see Figure 9.20). Only three lumbar vertebrae and three thoracic 
vertebrae were complete, and only the middle third and distal epiphysis of the right femur 
were preserved. A small number of hand bones including three carpals, five metacarpals 
and four phalanges were preserved. Both left and right talus and calcaneus were preserved, 
as were six tarsals, ten metatarsals and two foot phalanges. 
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Figure 9.20: SK222 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
 
As Figure 9.20 indicates, this individual presented with lesions on the fibulae and the feet. 
New bone formation that had become sclerotic was present along the shaft of the middle 
and proximal thirds of the lateral and posterior aspects of both fibulae. All metatarsals, five 
each on the right and left sides, presented with balloon-like callous formations along the 
shaft (Figure 9.21). These areas of formation were highly remodelled and there was no 
associated bone formation. Most of these formations appeared on the lateral and medial 
aspects of the shaft. 
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Figure 9.21: SK222 - lateral view of the 4th right metatarsal. Bone formation and expansion to 
plantar aspect. 
 
SK269 (N93363) 
This individual was a female, around 35-45 years of age (old adult), attributed to Phase B of 
the sample. SK269 had a well preserved postcranial skeleton but unfortunately, none of the 
cranium was recovered. As Figure 9.22 illustrates, the majority of postcranial bones were 
recovered with the exception of the sternum, all cervical vertebrae, one rib, and a small 
number of hand and foot bones. 
 
This individual presented with new bone formation which had become sclerotic on both 
aspects of the manubrium (Figure 9.23), and was particularly severe at the superior end of 
the bone. A small amount of new bone formation was also apparent on the middle shaft of 
the medial aspect of the right humerus. Both fibulae also had mild sclerotic bone formation 
on the medial and posterior aspects of the shafts.  The third left metatarsal exhibited a very 
large balloon-like bone formation (Figure 9.24) to the plantar aspect of the shaft. There was 
some porosity on the surface of the formation but no other associated bone formation. All 
other metatarsals, as well as the majority of other bones of the extremities were present and 
unaffected.   
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Figure 9.22 SK269 - Element preservation and pathological lesions. 
Blacked out bones indicate completeness, dashed lines indicate fragmentation and red circles 
indicate elements exhibiting pathological lesions or abnormalities. 
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Figure 9.23: SK269 - anterior view of the manubrium. Sclerotic bone formation. 
 
 
Figure 9.24: SK269 - medial view of the 3rd left metatarsal. Bone formation and expansion to 
the plantar aspect. 
9.3 Palaeopathology and diagnoses 
This section presents the results of differential diagnoses of the previously outlined skeletal 
lesions and abnormalities on nine individuals from the Library site sample.  These 
diagnoses are discussed in the context of the specific diseases (or lack of) to which these 
lesions have been attributed. This includes an outline of geographical distribution, 
epidemiology and skeletal manifestations of each disease to provide context to the detailed 
differential diagnoses that follow descriptions of each disease. Results of differential 
diagnoses are presented in more detail below. The format of this section reduces the 
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repetition of pathology descriptions, particularly given the large number of individuals 
described and similarities in pathological lesions.  
9.3.1 Leprosy 
Geographical distribution and palaeopathology 
Leprosy is caused by the bacillus Mycobacterium leprae. The disease does not have any known 
geographical limitations, though today it is focused in warm temperate and tropical 
countries, with 85% of cases occurring in India, Brazil, Indonesia, the Democratic Republic 
of Congo, Bangladesh and Nepal (Britton 2010). The mode of contagion remains 
unknown, although it is suggested that the bacillus is spread via aerosol inhalation of 
infected droplets (Roberts 2011). The clinical record for the disease indicates a higher 
prevalence in male adults compared to females (Bakker et al. 2006), with individuals being 
most susceptible to the disease between 10 and 19 years of age, with a second peak at 30 
years of age and over (Renault and Ernsy 2015).  
 
The clinical manifestations of the disease can be separated into four distinct categories: 
early or indeterminate leprosy, tuberculoid leprosy (TT), lepromatous leprosy (LL) and 
borderline leprosy (Lynnerup and Boldsen 2012). Further detail on these manifestations 
can be found in Lynnerup and Boldsen (2012). The developmental sequence of these types 
of leprosy remains unclear, although it is suggested that genetics and the immune system 
are important variables in this determination (Miller 1994, Aufderheide and Rodríguez-
Martín 1998, Lynnerup and Boldsen 2012), with immuno-compromised individuals more 
likely to develop the lepromatous form (Lynnerup and Boldsen 2012). The bacilli primarily 
affects the peripheral nerves which can lead to secondary infections and loss of sensation, 
and can also affect the skin, eyes, respiratory system and upper and lower extremities 
(Carmichael 1993, Manchester 2002, Roberts 2011, Lynnerup and Boldsen 2012). In the 
lepromatous form, the disease usually begins as chronic rhinitis, with the nasal mucosa 
becoming ulcerated (Aufderheide and Rodríguez-Martín 1998), which leads to the 
characteristic rhinomaxillary skeletal changes in this form of leprosy. 
 
Chronic manifestations of the disease can develop into skeletal changes which can be 
examined in the archaeological record. Approximately 5% of individuals with leprosy have 
some kind of skeletal involvement (Aufderheide and Rodríguez-Martín 1998, Resnick and 
Niwayama 2002). Lepromatous leprosy most commonly affects skeletal remains (Roberts 
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2011), but it is difficult to differentiate between TT and LL based on skeletal evidence, as 
they can present with a number of similar lesions (Aufderheide and Rodríguez-Martín 
1998). Many skeletal lesions caused by leprosy may resemble those caused by a number of 
other diseases such as lupus vulgaris, sarcoidosis, yaws, leishmaniasis, lupus erythematous 
and other skin diseases (Miller 1994 ).  
 
Skeletal manifestations of leprosy most commonly affect the peripheral appendicular 
skeleton and the rhinomaxillary area (Ortner 2002), as well as the small bones of the face, 
hands and lower legs (Resnick and Niwayama 2002). The typical distribution of leprosy is 
illustrated in Figure 9.25. The following descriptions of the skeletal manifestations of 
leprosy are based on that described by Andersen et al. (1994), Andersen and Manchester 
(1992), Aufderheide and Rodríguez-Martín (1998),  Lynnerup and Boldsen (2012), Ortner 
(2003) and Roberts (2011). These can be referred to for further detail relating to the 
palaeopathology of leprosy.  
 
Figure 9.25: Skeletal distribution of leprosy. Reproduced from Steinbock (1976). 
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Facies leprosa, which involves inflammatory change causing pitting and new bone in the 
rhinomaxillary region (Manchester 2002) is considered pathognomonic for leprosy 
(Aufderheide and Rodríguez-Martín 1998), particularly since Møller-Christensen's early 
analysis demonstrated high rates of the lesion in individuals with the disease (Møller-
Christensen 1961). This pathology involves absorption of the maxillary alveolar process, 
anterior nasal spine and aperture, and can also lead to perforation of the hard palate 
(Manchester 2002). Changes can also occur on the mid-zone area of the nasal surface on 
each side of the nasal septum, exhibiting fine pits which expand, new bone formation and 
progression to erosive lesions (Andersen and Manchester 1992). Changes in the 
rhinomaxillary area only develop in the lepromatous form of leprosy and other changes 
tend to appear bilaterally symmetrical, whilst skeletal evidence for tuberculoid leprosy tends 
to be unilateral and can occur earlier and more severely (Aufderheide and Rodríguez-
Martín 1998, Manchester 2002). 
 
Other important bone changes in leprosy relate to lesions that present in the hands and 
feet. Loss of motor function in the extremities due to the accumulation of bacteria in the 
nerve sheaths can lead to contraction of the hand and foot bones and high rates of 
secondary infection due to the inability to feel damage (Aufderheide and Rodríguez-Martín 
1998, Ortner 2003, Lynnerup and Boldsen 2012). This causes progressive concentric 
atrophy of the diaphyses of the tubular bones of the hands and feet, and can lead to 
resorption in the hand and foot phalanges (Ortner 2002, Ortner 2003). This results in a 
pencilling effect as they thin, which can eventually lead to complete resorption 
(Aufderheide and Rodríguez-Martín 1998). These changes are quite often bilateral, but do 
not tend to be symmetrical in their distribution (Steinbock 1976, Aufderheide and 
Rodríguez-Martín 1998). 
 
Within the long bones, osteomyelitis can occur in the metaphyses of the tibia and femur 
and occasionally, the upper limbs (Andersen et al. 1994), however, lepromatous 
osteomyelitis is fairly uncommon (Ortner 2003). Both the tibia and fibula can frequently be 
involved, particularly in the distal half to two thirds, with evidence for active woven bone 
immediate to the feet caused by secondary infections (Andersen et al. 1994, Manchester 
2002, Ortner 2002, Ortner 2003). Møller-Christensen (1953) noted that subperiosteal bone 
deposits were often present on individuals known to be infected with leprosy. The tibia and 
fibula are often severely affected by periostitis, although the involvement of the tibia is 
usually greater than that of the fibula (Aufderheide and Rodríguez-Martín 1998). 
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Aufderheide and Rodríguez-Martín (1998) note that long bone involvement is generally 
bilateral and symmetrical. 
 
Differential diagnoses 
Only one case, SK078, could be attributed to infection with leprosy, and then only 
cautiously. SK008, SK165, SK222 and SK269, however, all presented with the type and 
distribution of lesions that could be caused by infection with this disease (see section 9.2.5 
Non-specific infection). In these latter cases, the lesions could also be attributed to endemic 
syphilis, with further explorations needed to confirm a diagnosis. 
 
The most characteristic pathology present on SK078, the porosity of the palate and the 
anterior maxilla, most closely resembles infection with leprosy. The pathology in this 
individual almost exactly resembles that illustrated by Ortner (2003) for rhinomaxillary 
involvement due to leprosy, illustrated by an 18 year old male from Chichester, and the 
palate changes in  NU35-2 from the Nusplingen site (Jakob 2009), though that lesion could 
also be attributed to treponemal disease. This lesion is generally considered pathognomonic 
for leprosy (Andersen and Manchester 1992, Manchester 2002, Waldron 2008). It also 
closely resembles the lesions in an adult of undetermined sex from Nusplingen (Jakob 
2009). The lesions on SK078 (See Figure 9.14) clearly exhibit pitting and resorption of the 
maxilla and palate, which could be indicative of chronic leprosy affecting the face, 
otherwise known as facies leprosa (Lynnerup and Boldsen 2012). Specifically, lepromatous 
leprosy is the only type of leprosy to exhibit skeletally as rhinomaxillary resorption and 
destruction (Manchester 2002). However, there is no evidence for changes to the nasal 
spine and aperture which generally occur in skeletal manifestations of leprosy (Manchester 
2002). 
 
There are other potential causes for this pathology including treponemal infection and 
sarcoidosis. Nasal and palate perforation are common in endemic syphilis, when compared 
to venereal syphilis, but are rare in the tertiary stages of the disease (Collins and Powell 
2012, Ortner 2003). In endemic syphilis, destructive lesions can lead to perforation of the 
palate that can also closely resemble the facial changes that can occur in chronic infection 
with yaws (Aufderheide and Rodríguez-Martín 1998). Conversely, cranial involvement in 
venereal syphilis typically involves the vault of the skull rather than the facial bones (see 
Section 9.3.2) but can, less commonly, lead to destruction of the nasal bones and palate 
(Aufderheide and Rodríguez-Martín 1998). However, the absence of the type of cranial 
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involvement typically seen in venereal syphilis, caries sicca, makes this an unlikely diagnosis. 
Sarcoidosis can also lead to destruction of the nasal bones, but this does not ordinarily 
affect the maxilla (Ortner 2003). Mucormycosis and actinomycosis can also cause 
resorption of the facial bones, but these tend to be restricted to the nasal area or the 
mandible respectively (Rubini et al. 2014). Long-standing infection with tuberculosis can 
also lead to lupus vulgaris, which involves the facial skin and can lead to destruction of the 
nasal bones (Ortner 2003). However, given that the nasal bones do not appear to be 
affected, in conjunction with the lack of any other lesions more typical of infection with 
tuberculosis, this can be ruled out for this individual. 
 
The bilateral bone formation affecting the long bones could also be attributed to leprosy, as 
well as a number of other diseases. The pattern of bone formation on the tibiae and fibulae 
of SK078 could be attributed to infection with a treponemal disease (see section 9.3.2). 
Long bone involvement tends to be bilateral in the majority of individuals with venereal 
syphilis, particularly in relation to the tibia (Rothschild and Rothschild 1995, Buckley and 
Dias 2002) but the involvement of the fibula is far more common in the endemic form of 
the disease (Rothschild and Rothschild 1995). In venereal syphilis, extensive periostitis can 
occur across the diaphyses of long bones, resulting in cortical thickening of the bone 
(Ortner 2003). Reactive bone formation is also common in both the secondary and tertiary 
stages of endemic syphilis (Collins and Powell 2012). However, neither of these lesions are 
pathognomonic for either form of treponemal disease, particularly in the absence of 
definitive cranial evidence or gummatous osteoperiostitis on the long bones. If infection is 
due to treponemal disease, it would appear that, with the combined evidence for nasal-
maxillary changes, endemic syphilis was the most likely candidate. In addition, bone 
formation seen on the long bones is not as common in leprosy.  
 
However, the cloacae present on the distal epiphyses of both fibulae would indicate 
infection with osteomyelitis, which can develop in individuals with leprosy, particularly in 
the chronic stages of the disease (Manchester 2002). The bilateral appearance of the cloacae 
would also further support the determination that the lepromatous form of leprosy is 
causing these skeletal manifestations, given that bilaterally symmetrical lesions in the leg 
bones are generally considered typical for this type (Manchester 2002). In addition, the 
bone formation concentrated on the distal epiphyses of both fibulae is also consistent with 
a spread of infection from the foot and ankle and onto the distal shafts of the long bones. 
Osteomyelitis can also occur in the long bones as a result of infection with tuberculosis. 
However, this manifestation is rare in adults, particularly if it is not related to the joints of 
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the arm bones such as the shoulder, elbow and wrist (Ortner 2003). There was an absence 
of other pathological lesions on this individual typical for skeletal manifestations of 
tuberculosis (see section 9.3.3). This could also be an isolated case of osteomyelitis, but 
involvement of more than one bone is uncommon, as is infection in adulthood (Ortner 
2003).  
 
The bone formation on the left and right 5th metatarsals could be attributed to a number of 
infective causes. Dactylitis tuberculosis (spina ventosa) can involve the small, tubular bones 
of the hands and feet, but this is generally more common in children and much less so in 
adults (see section 9.3.2). Subperiosteal bone apposition can also occur in the endemic 
form of syphilis. This tends to occur in a singular bone in adults and in multiple bones of 
children (Aufderheide and Rodríguez-Martín 1998). Both dactylitis of tuberculosis and 
treponemal infection generally lead to swelling of the short bones which is not exhibited in 
this individual. Leprosy can also result in such changes to the feet, with bone deposition 
common in the hand and foot bones, although this typically leads to resorption of the 
bones (Ortner 2003), which has not occurred here. Subperiosteal new bone formation can 
occur on the metatarsals in manifestations of leprosy which can eventually result in 
osteomyelitis (Manchester 2002), as seen in the distal epiphyses of the fibulae.  
 
The presence of cribra orbitalia in this individual, which has been found in a high 
frequency of individuals with leprosy (Ortner 2003), would also support that diagnosis in 
this case. The age and sex of this individual would also fit, given that clinically, leprosy is 
more common in young adults and male individuals (Renault and Ernsy 2015). However, 
the same could be said for venereal syphilis, which predominates today in males and 
individuals aged 18 to 30 years. In the case of endemic syphilis, which predominates in 
children, its appearance in young adults could be indicative of a chronic infection. 
Nevertheless, given the known occurrence of leprosy in Norway during this period (see 
section 9.1.1), and the strong pathognomonic evidence in the cranium and other 
supporting evidence, it seems highly likely that this individual was infected with leprosy.  
 
The involvement of the manubrium and the patellae do not seem to fit in with the other 
lesions present on this individual. Although the sternum, and less so the patella, can both 
be involved in postcranial manifestations of syphilis (Aufderheide and Rodríguez-Martín 
1998, Ortner 2003), it would seem more likely, given the strong possibility that the 
individual suffered from leprosy, that the abnormalities on the manubrium and patellae are 
unrelated to the lesions on the long bones, feet and cranium.  
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9.3.2 Treponemal disease 
Geographical distribution and palaeopathology 
The treponematoses are divided into four distinct but closely related diseases, all caused by 
infection with Treponema pallidum. Today and in the past, some of these diseases have had 
specific geographical distributions. Pinta is one of the most limited, restricted to 
communities in lowland and Central and South America, and lacks any skeletal 
manifestations (Collins and Powell 2012). Yaws is common to tropical regions and whilst 
bone lesions can occur in the secondary and tertiary stages of the disease, given its 
geographical distribution, it is unlikely that this would have affected the permanent 
inhabitants of Trondheim. For these reasons, neither yaws nor pinta will be considered 
here as potential causes for pathological lesions. 
 
This leaves endemic or non-venereal syphilis and venereal syphilis. Both have primary, 
secondary and tertiary periods, with skeletal manifestations occurring in the secondary and 
tertiary stages of these diseases (Buckley and Dias 2002). Endemic syphilis is fairly 
uncommon today (Hook 2015) but in the past was widespread (see section 9.1.2).  The 
peak age for endemic syphilis is between 2 and 10 years, compared to the peak age of 18 to 
30 years for venereal syphilis (Arrizabalaga 1993). Infection with endemic syphilis is most 
common in children, and left untreated it can lead to severe and chronic bone lesions 
(Hook 2015). Endemic syphilis has high transmissibility, spread through direct contact and 
from fomites on drinking and eating utensils (Hook 2015), with low hygiene further 
facilitating transmission (Kiple 1993). A latent period may be followed by tertiary stage 
gummatous or chronic skin lesions on the bones in 25% to 50% of cases, which can 
present as ulcerative lesions of the face (gangosa) and osteoperiostitis (Hook 2015).  
 
Venereal syphilis spreads via sexual contact or vertically to a foetus in utero, and is not 
geographically restricted, although its prevalence today differs between developed and 
developing countries, and within these also (Arrizabalaga 1993). Currently, the disease is 
more common in men and in developing countries (Ghanem and Kinghorn 2010, Radolf et 
al. 2015), with approximately 11 million new cases reported each year (Radolf et al. 2015). 
 
In pathological terms, the treponematoses are very similar in their manifestation on skeletal 
material. Skeletal manifestations occur in around 10-20% of those infected (Baker and 
Armelagos 1988). The skeletal distribution of venereal syphilis is illustrated by Figure 9.26 
and endemic syphilis in Figure 9.27, with the following descriptions based on a number of 
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sources, from which more detailed analyses can be found (Aufderheide and Rodríguez-
Martín 1998, Buckley and Dias 2002, Ortner 2003, Collins and Powell 2012). The figure 
utilised for endemic syphilis is reproduced from Steinbock's (1976) illustration of the 
distribution of yaws, as endemic syphilis and yaws have very similar distribution patterns 
(Aufderheide and Rodríguez-Martín 1998) and for this reason, this illustration has been 
reproduced here. Aufderheide and Rodríguez-Martín (1998) note that venereal syphilis, 
endemic syphilis and yaws produce similar lesions including involvement of the tibia 
bilaterally, hand and foot involvement and saber shin.  
 
 
Figure 9.26: Skeletal distribution of venereal syphilis. Reproduced from Steinbock (1976). 
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Figure 9.27: Skeletal distribution of endemic syphilis. Reproduced from Steinbock (1976). 
 
The skeletal manifestation of endemic syphilis tends to be intermediate between the 
manifestations of yaws and venereal syphilis (Steinbock 1976, Aufderheide and Rodríguez-
Martín 1998). In the tertiary stage of the disease, gummatous granulomas and periostitis 
occur. The palate and nose can also be involved, through destructive lesions leading to 
perforation of the hard palate later in the disease (Aufderheide and Rodríguez-Martín 
1998), although Ortner (2003) argues that these are not common. The destructive lesions in 
the nasal-palatal region closely resemble the nasal gangosa of yaws, which begins in the soft 
tissue and in severe cases unites the nose, pharynx and orbital cavities due to extensive 
destruction (Aufderheide and Rodríguez-Martín 1998). 
 
In secondary endemic syphilis, the tibia is the most commonly affected by new bone 
formation. In the tertiary stage, the tibia and fibula are the most common bones affected, 
followed by the ulna, radius, joints, hands, feet and frontal bones (Kiple 1993). Periosteal 
bone deposition, particularly on the tibia, is common and can produce the characteristic 
saber tibia, which exhibits as lateral bowing of the bone (Ortner 2003). In Rothschild and 
Rothschild's (1995) report on the treponemal diseases, they note that tibial involvement in 
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endemic syphilis was only bilateral in some individuals, compared to 87% bilateral 
involvement in those individuals with venereal syphilis. However, involvement of the fibula 
was far more common in endemic syphilis when compared to venereal syphilis or yaws 
(Rothschild and Rothschild 1995). Skeletal lesions produced in endemic syphilis can be 
indistinguishable from those produced by venereal syphilis. Nonetheless, Aufderheide and 
Rodríguez-Martín (1998) argue that while nasal-palatal changes and tibial involvement are 
common for both diseases, other changes that are common in venereal syphilis are less 
likely to appear in endemic syphilis. Dactylitis in the hands of sufferers, consisting of 
subperiosteal bone apposition and resorption is common in yaws and endemic syphilis but 
not in venereal syphilis. This generally occurs in multiple short bones in young individuals, 
but in adults it is usually limited to a single bone (Aufderheide and Rodríguez-Martín 1998). 
 
Skeletal manifestations of venereal syphilis tend to be more pronounced than those of 
endemic syphilis (Kiple 1993), with lesions developing on bone between 2-10 years from 
the time of initial infection (Ortner 2003). Buckley and Dias (2002) report that the tibia is 
the most commonly affected postcranial element in skeletal manifestations of venereal 
syphilis, followed by the clavicle, femur, ulna, hands and feet (Steinbock 1976, Powell 1988, 
Stodder 1997, Aufderheide and Rodríguez-Martín 1998), though the tibia is ten times more 
likely to be involved than any other long bone (Ortner 2003). In total, the tibia, bones 
surrounding the nasal cavity and the cranial vault account for around 70% of skeletal 
lesions (Ortner 2003).  
 
Caries sicca occurs in the tertiary stage of venereal syphilis (Buckley and Dias 2002) and 
consists of gummatous, osteoperiostitic lesions beginning from the frontal bone of the 
cranium and extending to the parietal and facial bones in some instances (Ortner 2003). 
Skeletal manifestations on the long bones can be either non-gummatous or gummatous 
lesions. Non-gummatous periostitis of the long bones can occur as elevated exostoses on 
the bones which may also lead to periosteal thickening of the bone, with new bone 
becoming fused to the original surface, or as osteitis or osteoperiostitis, generally bilaterally, 
particularly in the tibia (Aufderheide and Rodríguez-Martín 1998, Ortner 2003). 
Conversely, gummatous osteoperiostitis, which closely resembles caries sicca, can occur 
across the long bone diaphyses, and consists of a mixture of bone destruction and elevated, 
reactive new bone formation (Aufderheide and Rodríguez-Martín 1998, Ortner 2003). Of 
these varieties, gummatous osteoperiostitis of the long bones is considered more 
characteristic and pathognomonic for venereal syphilis (Steinbock 1976, Ortner 2003). 
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Destruction of the nasal-palatal area, as with endemic syphilis, can also occur (Aufderheide 
and Rodríguez-Martín 1998). 
 
Differential diagnosis 
For the majority of the individuals reviewed in section 9.2, the bone formation (both new 
and sclerotic) present on the long bones is not pathognomonic for any disease such as 
tuberculosis, leprosy, Paget’s disease, treponemal infection or septic arthritis. The 
involvement of multiple elements in the cases of SK005, SK022 and SK032 would appear 
to suggest a systemic condition. However, in the case of both SK005 and SK022, the 
lesions present are neither pathognomonic nor severe enough to associate definitively with 
a specific disease without further evidence. Particularly, attribution to a specific treponemal 
infection is difficult considering the similarities between the skeletal manifestations of 
endemic and venereal syphilis (Aufderheide and Rodríguez-Martín 1998). 
 
This said, infection with a treponemal disease appears to be the most likely cause for the 
extensive pathological lesions present on SK005, SK022 and SK032. The extent of the 
distribution, coupled with a lack of spinal, phalangeal or epiphyseal involvement typical in 
tuberculosis, makes this an unlikely cause (see section 9.3.3). In addition, this kind of bone 
formation is uncommon in skeletal manifestations of tuberculosis and usually involves 
sequestra and changes that are more akin to osteomyelitis than periostitis, particularly at the 
joints of the arm bones (Ortner 2003). 
 
Similarly, infection with leprosy also appears unlikely, due to the lack of characteristic 
involvement of the maxilla and the small bones of the extremities (see section 9.3.1). 
Additionally, whilst periostitis is common in leprosy, this generally extends from infection 
in the feet to the tibia and fibula, with the pathology most severe at the ankle (Ortner 
2003). This is not seen in these cases, with distribution spread for the most part along the 
diaphyses of the long bones. The bone formation on the arm bones of SK005 and SK022 
would also be somewhat uncharacteristic for both tuberculosis and leprosy (see sections 
9.3.1 and 9.3.3).  
 
Paget’s disease can also result in thickening of the long bones (as seen in SK022 and 
SK032) due to periosteal bone formation; however, the lack of pathognomonic traits such 
as thickening of the cranial vault discounts this from further analysis. Age of onset is also 
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usually much older, around 40 years of age and upwards (Mirra et al. 1995, Pusch and 
Czarnetzki 2005, Roberts and Manchester 2007).  
 
Early pyogenic osteomyelitis is certainly a distinct possibility, as all of the bones affected 
here can be involved in this infection. Osteomyelitis is more common in children, and is 
generally limited to one or two bones, most often the tibia and femur (Ortner 2003). Only 
one individual, SK022, displayed some very mild sclerotic bone formation on the right 
femur. There is also an absence of either cloacae or sequestra on the long bones, which 
would be diagnostic of pyogenic osteomyelitis. In combination, it seems unlikely that 
pyogenic osteomyelitis is affecting these individuals. 
 
As discussed above, infection with treponemal disease can result in bony build up 
occurring on the shafts of long bones, particularly in the case of the tibia, and often occurs 
bilaterally as in these instances. The involvement of both lower leg bones is certainly typical 
of postcranial manifestations of the disease, particularly in venereal syphilis where these 
bilateral lesions are common. Periostitis along the arm bones also fits within the known 
possible skeletal distribution of treponemal infection (Ortner 2003). However, if this is a 
case of infection with venereal syphilis, this would have to be a manifestation of the non-
gummatous variety, as the gummatous form of the disease manifests as a mixture of both 
bone formation and resorption. Further, the lesions present here are not pathognomonic 
for treponemal disease, if this is the cause, or for any other specific disease.  
 
Infection with treponemal disease is the most likely candidate, although the lack of any 
pathognomonic lesions, such as caries sicca, means that a definitive diagnosis based on 
skeletal lesions alone is difficult. Given that the skeletal manifestations of endemic and 
venereal syphilis are very similar, it is also difficult to differentiate between the diseases. If 
endemic syphilis were the cause, the lack of cranial lesions would be far easier to reconcile, 
as caries sicca is less common in endemic syphilis, with only 4% of cases exhibiting frontal 
lesions (Collins and Powell 2012). SK005 also had several hypoplastic defects, suggesting 
that they may have experienced this infection during growth periods. This would certainly 
fit with a diagnosis for endemic syphilis, which has a typical age of onset of between 2 and 
10 years, as opposed to venereal syphilis (Arrizabalaga 1993). In addition, the lack of nasal 
bones in SK005 and SK022, means that these individuals could not be examined for 
lesions more indicative of endemic syphilis, such as rhino-maxillary resorption.  
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In the specific case of SK032, the distribution and severity of the lesions point to infection 
with venereal syphilis or possibly endemic syphilis as the likely cause of these. The bilateral 
involvement of both the tibia and the fibula, and severe periostitis leading to bone 
deposition resulting in a fusiform shape are common in skeletal manifestations of the 
disease (Aufderheide and Rodríguez-Martín 1998, Buckley and Dias 2002, Ortner 2003, 
Collins and Powell 2012). Whilst the shape and bowing of the tibia could be due to trauma, 
caused by a fracture to the bone, there was no evidence for a fracture or subsequent 
healing on the bone.  
 
Despite the non-specific nature of the lesions present on SK005 and SK022, and to a lesser 
extent, SK032, previous analyses into the evidence for syphilis in the Library site sample 
confirm the conclusions drawn here, namely that these individuals suffered from infection 
with treponemal disease and more specifically, endemic syphilis. Anderson et al. (1986) 
reviewed the evidence for endemic syphilis from the Library site sample, examining SK005, 
SK022 and SK032, along with a fourth skull fragment. All of these were included in this 
analysis, except the skull fragment, which due to the ambiguous nature of the sex and age 
determination could not be included. Anderson et al.'s (1986) examinations involved 
physical examinations of lesions on the dry bones, as well as x-ray examinations. This 
report concluded that these four individuals had suffered from endemic syphilis. The 
examinations undertaken here agree with these diagnoses for a number of reasons as 
outlined and also advanced by Andersen et al. (1986).  
9.3.3 Tuberculosis 
Geographical distribution and palaeopathology 
Mycobacterium tuberculosis, along with the other Mycobacterium known to infect humans, 
currently has a worldwide distribution infecting a third of the world's population 
(Fitzgerald et al. 2015), with the majority of cases in developing nations, where 
overcrowding exacerbates the frequency of the disease (Friedland 2010). The Mycobacterium 
complex consists of seven types, including two for which humans can act as secondary 
hosts, Mycobacterium bovis and Mycobacterium caprae (Roberts 2012). Transmission of 
Mycobacterium tuberculosis is via inhalation of infected bacteria from individuals with the 
pulmonary form of the infection (Friedland 2010, Fitzgerald et al. 2015), whilst infection 
with Mycobacterium bovis is primarily due to consumption of infected animal products, 
particularly milk (Aufderheide and Rodríguez-Martín 1998, Roberts 2012). Mycobacterium 
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bacilli have the ability to survive in and outside the body for long periods of time, and can 
later reactivate in favourable conditions, such as through changes to the lung environment 
or immunological status (Aufderheide and Rodríguez-Martín 1998). 
 
Roberts (2012) notes that there were a number of important risk factors historically in the 
spread and maintenance of tuberculosis, including but not limited to nutrition, ethnicity 
social status, body mass, poverty, animal interactions, overcrowding, urban environment, 
hygiene and iron deficiency. Males appear to have had a greater risk of contracting 
tuberculosis than females (Johnston 1993, Roberts 2012), although Johnston (1993) notes 
that in young adults, females generally experienced greater mortality, which could be linked 
to menstruation, pregnancy and childbirth decreasing resistance to infection. Today, 
acquired immunodeficiency syndrome (AIDS) is the most significant risk factor for 
progression to active tuberculosis (Fitzgerald et al. 2015) but variations in dosage of inhaled 
bacilli, immune response or other factors may also impair the body's ability to protect 
against progression to infection (Aufderheide and Rodríguez-Martín 1998). 
 
Skeletal distribution of tuberculosis is illustrated in Figure 9.28, though only around 3% of 
individuals infected with tuberculosis present with skeletal manifestations (Ortner 2003). 
The most prominent feature of skeletal tuberculosis is the destructive lesions of the spinal 
bodies, which Resnick and Niwayama (2002) and Aufderheide and Rodríguez-Martín 
(1998) suggest can occur in 35-40% of individuals with skeletal tuberculosis. It is suggested 
that this is because the spine consists of a large mass of trabecular bone, within which the 
tubercle bacilli are known to thrive (Aufderheide and Rodríguez-Martín 1998). This 
pathology usually involves one to four thoracic or lumbar vertebrae, and presents as focal, 
resorptive lesions predominantly on the vertebral bodies (Aufderheide and Rodríguez-
Martín 1998). This is the only pathology pathognomonic of tuberculosis (Roberts 2011). 
This pathology may eventually lead to collapse of the vertebral bodies and kyphosis, known 
as Pott's disease, and while it can occur in the posterior vertebrae, it is generally more 
common in the anterior, central and paradiskal locations (Aufderheide and Rodríguez-
Martín 1998). Extravertebral abscesses are also frequent, occurring posteriorly in the upper 
vertebrae and in around 50-90% of cases of skeletal tuberculosis assessed by Resnick and 
Niwayama (2002). 
 
Septic arthritis of the joints can also occur in around 90% of skeletal manifestations. This is 
apparent in the hip and knee joints, and is due to the higher proportion of trabecular bone 
in the metaphyses as compared to the diaphyses (Aufderheide and Rodríguez-Martín 1998). 
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Changes in the ribs can occur as periosteal new bone formation observed on the visceral 
surfaces, and less commonly as localised abscesses (Aufderheide and Rodríguez-Martín 
1998, Roberts 2011). However, with the exception of spina ventosa, periosteal reactive 
bone formation is generally limited (Aufderheide and Rodríguez-Martín 1998, Ortner 
2003). 
 
Figure 9.28: Skeletal distribution of tuberculosis. Reproduced from Steinbock (1976). 
 
Important pathological changes can also occur in the bones of the hands and feet, and 
occasionally, the long bones of the skeleton. Very little new bone formation occurs in 
tuberculosis, with the majority of pathological changes destructive (Ortner 2003, Roberts 
and Buikstra 2003). The exception to this is tuberculous dactylitis (spina ventosa), which 
occurs most commonly in infants and children, but rarely in adults. In this pathology, hand 
and foot bones can swell, resulting from a thickening and elevation of the periosteum, 
which can also be accompanied by osteomyelitis and cortical erosion (Aufderheide and 
Rodríguez-Martín 1998, Roberts and Buikstra 2003). This pathology can also be a 
manifestation of congenital syphilis, osteomyelitis, sarcoidosis and sickle-cell anaemia 
(Roberts and Buikstra 2003).  
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New bone formation may occasionally be evident on the proximal and distal diaphyses of 
the long bones, particularly the tibiae, fibulae, radii and ulnae, known as hypertrophic 
pulmonary osteoarthropathy (Roberts and Buikstra 2003). This typically presents as 
osteomyelitis which then causes the septic arthritis seen in associated joints (Roberts and 
Manchester 2007). Further details on the skeletal manifestations of tuberculosis can be 
found in Aufderheide and Rodríguez-Martín (1998), Ortner (2003), Resnick and Niwayama 
(2002), Roberts (2011, 2012) and Roberts and Buikstra (2003).  
 
Differential diagnoses 
No evidence for tuberculosis was found amongst these case studies. Considering the 
medieval dates for the sample, the prominence of leprosy in Trondheim up until the 19th 
century (see section 9.1.3), rarity of skeletal manifestations and the cross immunity between 
the two diseases (Johnston 1993, Donoghue et al. 2005, Setia et al. 2006, Waldron 2008, 
Trindade et al. 2013) and the scant evidence for tuberculosis in the town prior to the 17th 
century (Hughes 1998), such a result is not unexpected. However, some skeletons do have 
pathological lesions that are discussed within the context of infection with tuberculosis in 
order to discount this as the cause for the skeletal abnormalities present (see sections 9.3.1, 
9.3.2 and 9.3.5).  
9.3.4 Trauma 
Differential diagnoses 
Differential diagnosis of the lesions present on the tibia and fibula of SK033 (see Figures 
9.12 and 9.13) are suggestive of a skin ulcer secondary to localised trauma. Firstly, this type 
of pathology is too localised to be attributed to treponemal infection or leprosy, as it lacks 
the widespread systemic periostitis common in skeletal manifestations of these diseases (see 
sections 9.2.1 and 9.2.2). The distribution of bone formation in tuberculosis also does not 
fit, with general periostitis tending to be located at the distal and proximal epiphyses of 
long bones, when it does occur, which is unusual in the bioarchaeological record (section 
9.2.3 refers).  
 
The most likely cause here is that of a skin ulcer or some kind of trauma to the leg. Large 
ulcers on the skin often produce reactive and local periostitis on the bone or, less 
commonly, a lytic response (Ortner 2003). Given the location of the bone formation 
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between the two bones, this lesion might have eventually led to ossifying periostitis of the 
tibia and fibula (see Ortner 2003) had the individual not died before this occurred.  
9.3.5 Non-specific infection 
Differential diagnosis 
Differential diagnoses for four skeletons, SK008, SK165, SK222 and SK269, did not result 
in the attribution of a definitive or probable cause for the lesions presented by each 
individual. 
 
The lack of joint involvement or presence of osteomyelitic lesions makes septic arthritis as 
the cause of the abnormalities on these individuals unlikely. As discussed previously in 
section 9.3.2, the presence of Paget’s disease in these individuals is unlikely due to the 
extensive nature of the lesions present and the lack of other pathognomonic traits. Whilst 
tuberculosis is known to cause subperiosteal bone deposits, the distribution and type of 
lesions associated with the disease are significantly different from that presented here (see 
section 9.3.3). 
 
The tibial and fibular periostitis present on these individuals could be attributed to 
treponemal infection (see section 9.3.2) or leprosy (section 9.3.1 refers), with bilateral 
periostitis commonly occurring in both diseases. The extent and distribution of the 
periostitis, affecting the distal and middle thirds of the long bones and opposing sides of 
the tibia and fibula also appears to fit the tendency of leprosy to affect sections of long 
bone adjacent to the hand and foot. In the case of SK165, the involvement of the femora is 
more commonly seen in the skeletal distribution of the treponemal diseases than leprosy 
(see sections 9.3.1 and 9.3.2).  
 
Despite the absence of thickening of the bones which has occurred in SK005 and SK022, 
the infection present on the long bones also bears a resemblance to infection with 
treponemal disease (see section 9.3.2). In the case of SK222, the mild periostitis on the 
fibula indicates that this is more likely to be a result of endemic syphilis, rather than 
venereal syphilis. The distribution of the formation along the middle to proximal shaft as 
opposed to the distal epiphysis makes infection with leprosy unlikely (see section 9.3.1). 
For SK269, the formation of bone on the humerus is abnormal for such an infection and 
the lack of leprosy-like lesions in the extremities also discounts this diagnosis. 
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For SK008, the resorption of the 5th metatarsal (see Figure 9.5) and bone formation on the 
right calcaneus could be attributed to leprosy (see section 9.3.1). However, resorption of 
the bones in leprosy tends to be bilateral in nature, though not symmetrical (Steinbock 
1976, Aufderheide and Rodríguez-Martín 1998). Sarcoidosis in its advanced stages can also 
cause resorption of the bones of the extremities and the typical age for onset certainly fits 
this individual (Resnick and Niwayama 2002). However, there is usually bilateral 
involvement of the phalanges (though not symmetrically), and lesions are generally limited 
to the bones of the extremities and uncommonly the long bones, which is not the case 
here. Psoriatic and rheumatoid arthritis can also lead to such resorption due to destructive 
changes (Aufderheide and Rodríguez-Martín 1998, Ortner 2003) and present with similar 
skeletal manifestations of the disease to those seen in leprosy (Ortner 2003). However, the 
lack of any pathology in the joints, ankylosis or other phalangeal involvement makes this 
unlikely. Trauma or amputation could also have been the cause of this particular pathology. 
Resorption of the bone could have followed from trauma to the distal end of the 
metatarsal. This could also be attributed to leprosy due to the extensive nerve damage the 
disease causes which can lead to trauma to the extremities due to secondary infections (see 
section 9.3.1).   
 
The expanded appearance of the metatarsals of SK222 (see Figure 9.21) could be due to a 
number of causes, but the localised swelling that lacks involvement of the entire 
periosteum makes a number of diseases unlikely (see section 9.3.3). Tuberculous dactylitis 
manifests skeletally as a thickening and elevation of the periosteum, resulting in a swelling 
of the hand and foot bones (see section 9.3.3). However, this rarely occurs in adults. As 
this individual could not be assigned a specific age, this cannot be ruled out entirely; but 
given the lack of any kind of joint or spinal involvement, and the lack of swelling of the 
diaphyses of the metatarsals, infection with tuberculosis appears unlikely. Similar lesions 
can also be caused by infection with syphilis and osteomyelitis, most commonly in yaws 
and endemic syphilis (Aufderheide and Rodríguez-Martín 1998). However, dactylitis in 
these tends to affect single bones in adults, and generally only appears in multiple bones in 
subadults (Aufderheide and Rodríguez-Martín 1998, Ortner 2003). Chrondromatosis 
(Ollier's disease) can also lead to ballooning deformities of the bones of the extremities, but 
the lack of cartilage masses and bowing deformities typically present in its skeletal 
manifestations (Ortner 2003), along with the combination of the other lesions, make such a 
cause highly doubtful. Finally, given the pathology of the manifestation, this may be the 
result of well-developed interosseous plantar insertions (Marc Oxenham, personal 
communication, 2015). This could have resulted from overuse of the bone in this 
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individual, particularly given the multitude of short bones involved. This pathology is of 
unclear aetiology and may be unrelated to the others exhibited on SK222. 
 
The swollen bone on the metatarsal of SK269 is of particular interest and appears to be 
more expansive, and involve a wider area of the periosteum when compared to SK222. 
However, the lack of this pathology on any of the other metatarsals present differentiates it 
from SK222. In this instance, as mentioned above, in the cases of both syphilis and 
osteomyelitis, single bones are commonly involved in adult manifestations which could 
indicate the cause of this pathology. However, the lack of osteomyelitis on any other part 
of the body makes the latter diagnosis unlikely, and the lack of any definitive lesions 
indicative of syphilis, such as facial bone involvement or gummatous lesions, means that 
such a diagnosis cannot be confirmed in this individual.  
 
Whilst the pathology is similar to the manifestation of tuberculous dactylitis, this generally 
affects multiple bones and the lack of spinal involvement also indicates that tuberculosis is 
an unlikely cause. Chrondromatosis is also unlikely, given the lack of skeletal lesions that 
are usually present, as explained previously for SK222. This pathology could also be the 
result of trauma to the metatarsal such as a fully healed fracture, though there is no 
evidence for healed trauma on the bone. The aetiology of this lesion remains unclear.  
 
The pathology presented in the sacrum of SK008 is likely non-pathological, possibly an 
accessory sacral facet. Brucellosis and tuberculosis have both been considered as 
possibilities; however, the lack of any spinal involvement makes either of these diagnoses 
unlikely. 
 
No small bones of the hand or feet are involved for SK165. The absence of the skull for 
SK008 and SK165 further inhibits any comparisons that could be made between the 
lesions present in these individuals and pathognomonic manifestations of treponemal 
disease and leprosy. In addition, the absence of complete vertebrae in SK165 and the lack 
of any lesions in vertebrae present for SK269, SK008 and SK222, means that either these 
cannot be assessed for the presence of other disease such as tuberculosis, or in the case of 
the latter, demonstrates that infection with this disease was very unlikely. 
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9.4 Discussion 
Differential diagnoses of nine individuals from the Library sample revealed the presence of 
two specific diseases, leprosy and endemic syphilis. Additional individuals were likely 
infected by these or other diseases, but were unable to be definitively diagnosed.  
 
A number of other individuals presented with periostitis along the long bones, and bilateral 
periostitis was common.  These included bilateral bone formation on the tibiae of SK037, 
SK165, SK259, SK294, SK318, SK329 and SK356, and bilateral bone formation on the 
fibulae of SK037, SK078, SK222, SK259, SK269, SK294, SK318 and SK329. Other 
individuals with bone formation on a singular tibia and/or fibula included SK21, SK033, 
SK106, SK165, SK303 and SK356. Whilst all of these individuals presented with non-
pathognomonic lesions, the presence of extensive tibial and fibular infection throughout 
the population does further the case for the endemicity of a treponemal infection or other 
infectious disease in this community. 
 
The results of these analyses will be discussed below in the context of the known 
epidemiology of these diseases and the bioarchaeological and historical evidence for the 
diseases both in Norway and Europe more broadly. Contextualising the presence of these 
diseases within an epidemiological framework will also provide insight into what factors 
were affecting the presence and maintenance of these diseases in Trondheim during the 
medieval and early modern periods. 
9.4.1 Leprosy 
The evidence presented here demonstrated a probable diagnosis of leprosy in one 
individual, SK008. It is somewhat surprising that examination of individuals from the 
Library site sample did not result in more definitive diagnoses of the disease. Given how 
common leprosy was in Europe during the medieval and into the modern period, a greater 
frequency of the disease was expected. Tuberculosis was unlikely to have had any 
significant effect in providing immunity, at least until the 19th century when the disease 
became more prominent in Trondheim (see section 9.1.3). Documentary and skeletal 
evidence has demonstrated that leprosy was prominent along the coast of Norway, 
including in Trondheim, up until this time. In Trondheim, this can likely be attributed to 
poor housing conditions in the town which would have prevented an improvement in 
living conditions that were being experienced in the rest of Europe from around the 17th 
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century (Steinbock 1976, Carmichael 1993, Larsen 2015). Additional evidence for leprosy in 
four individuals from a smaller sample in Trondheim (totalling 60 adult and subadult 
skeletons) and dated to the 18th and 19th centuries (Hughes 1998) would suggest that the 
one individual identified in the Library site sample may not be representative of the 
frequency of the disease in the population. 
 
However, considering the low communicability and progress of leprosy (Roberts and 
Manchester 2007), it does not seem unusual for this to be fairly uncommon in the skeletal 
record, barring samples taken from cemeteries associated with leprosy hospitals. It is 
unclear whether Trondheim had a specific leprosy hospital, although it seems likely given 
the known presence of the disease in Norway during the medieval and early modern 
periods (see section 9.1.1). In any case, research suggests that over 40% of applicants to the 
Trondheim Hospital in the 18th century were individuals suffering from leprosy 
(Grankvist1982, Hughes 1998), and it is reasonable to assume that, given the ostracism 
associated with the disease, the majority of those who suffered from the disease were 
buried in the Hospital’s cemetery.  
 
Additionally, two other factors could be confounding attempts to diagnose leprosy in 
individuals from the Library site sample. Firstly, the sample examined here only consists of 
adults, those individuals who have been determined to be at least 17 years of age. As 
previously stated, there are peaks in the age of onset of leprosy between 10 and 19 years of 
age and again at 30 years and over (Renault and Ernsy 2015). Given that subadults were 
not included in this examination, it is possible that a significant number of sufferers, who 
may well have died prior to adulthood (due to leprosy or more likely, from other diseases 
or childhood stress), have not been included in this examination.  
 
Secondly, and as an addendum to the first point, individuals infected with leprosy could 
have been dying prior to developing skeletal manifestations of the disease. The osteological 
paradox, first posed by Wood et al. (1992), argues that skeletal involvement implies that an 
individual has survived long enough for skeletal signs of chronic disease to manifest and 
that conversely, individuals displaying no skeletal evidence of disease may have been more 
physiologically challenged and were not able to withstand disease through to skeletal 
manifestation. Thus, the question remains as to whether individuals without lesions were 
actually healthier, or whether they were infected but died sooner than individuals displaying 
skeletal lesions. Given the young age of onset, it does not seem unlikely that a number of 
young individuals were dying from other infections or the effects of childhood stress (such 
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as malnutrition) or trauma, before skeletal changes could manifest and thus be viewed in 
the archaeological record. Thirdly, many sufferers of leprosy could merely have not been 
exhibiting skeletal involvement of the disease but be infected nonetheless, particularly given 
the low percentage of individuals presenting with skeletal involvement (Resnick and 
Niwayama 2002). These factors would all serve to depress the frequency of skeletally-
diagnosed leprosy in the Library site sample.  
9.4.2 Treponemal infection 
The evidence presented here confirmed the presence of endemic syphilis (bejel) in at least 
three individuals examined, SK005, SK022 and SK032. This agreed with previous analyses 
involving x-ray examinations of the individuals (Anderson et al. 1986). Considering 
Trondheim's troubled history, the disease's continued prominence in the region is not 
surprising. Against the backdrop of a town in serious economic depression, experiencing 
dramatic depopulation, it would not have been surprising if sanitation and general living 
conditions did not improve along with the majority of Europe during the Renaissance. It is 
also likely that multiple epidemics, such as bubonic plague, known to have occurred 
throughout the 14th and 15th centuries (Vahtola 2003), would have further weakened the 
population (Gissel et al. 1981).  
 
Considering that endemic syphilis tends to flourish in depressed living conditions and with 
poor sanitation (Baker and Armelagos 1988, Antal et al. 2002), the conditions in Trondheim 
would have been conducive to the enduring presence of endemic syphilis during the 
medieval and early modern periods. The absence of coffins in the Library site cemetery 
between the 15th-17th centuries, and the placement of the graveyard to the north of the 
church, which would have been considered less auspicious, also suggests that the Library 
site cemetery would have been the resting place for the poorer residents of Trondheim 
(Anderson et al. 1986) who may have been more susceptible to disease. 
 
When one considers the tendency for endemic syphilis at present to occur in 
predominantly rural, arid areas, venereal syphilis might seem to be a more likely cause of 
these lesions. In a country well known for its cold and damp climatic conditions, 
opportunities to spread endemic syphilis by touch would have been far more limited. 
Despite this, the previous differential diagnoses (see Section 9.3.2) confirm that infection 
with venereal syphilis was unlikely in these cases and is not supported by previous research 
into the presence of treponemal disease in the Library site sample (Anderson et al. 1986). 
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This differentiates this sample from later analyses in Trondheim, where excavations at the 
Nidaros Cathedral uncovered an individual suffering from venereal syphilis, who exhibited 
pathognomonic caries sicca on the frontal bone (Hughes 1998). Another three infants from 
this sample may have also been afflicted with venereal syphilis, but the abnormalities 
exhibited could also be attributed to scurvy (Hughes 1998). The lack of definitive evidence 
for venereal syphilis in Phase C of the Library site sample is surprising. This is particularly 
so considering the town's importance as a sea port, and the high number of transient 
individuals visiting the town during the medieval period. However, this examination also 
did not assess subadults, and therefore may have missed cases of congenital syphilis in the 
population. 
 
Unfortunately, the lack of any definitive and comprehensive dating for the Library site 
sample means that none of these individuals can be attributed to phases earlier than the 
16th century with any certainty. The previous work of Anderson et al. (1986) dated SK005, 
SK022 and SK032 to the 16th-17th centuries from analysis of fire layers in the stratigraphy. 
Individuals SK078, SK222 and SK269 are the only individuals with extensive lesions that 
can be attributed to Phase B. If these were shown to have endemic or venereal syphilis, it 
would be the first skeletal evidence in the archaeological record for either in Norway. More 
importantly, a diagnosis of venereal syphilis in skeletons from Phase A or B of the sample 
would further add to discussions concerning the origin and timing of the introduction of 
the disease into the New and Old Worlds (Hyde 1891, Gann 1901, Denninger 1938, Cole et 
al. 1955, Riley 1971, Elting and Starna 1984, Baker and Armelagos 1988, El-Najjar 2000, 
Rothschild et al. 2000, Saunders et al. 2000, Morton and Rashid 2001, Jett 2002, Meyer et al. 
2002, Powell and Cook 2005, Rothschild 2005, Marden and Ortner 2009). Those skeletons 
reviewed by Anderson et al. (1986) and here, are currently the earliest archaeological 
examples of endemic syphilis in the country. More extensive DNA examinations are 
needed in order to confirm any diagnoses and before adding this information to any 
discussions regarding the pre-Columbian presence of venereal syphilis in Europe.  
9.4.3  Tuberculosis 
Although tuberculosis played a great role in the health of populations in 17th to 19th century 
Europe, it appears, at least from this analysis of the skeletal material Library site sample, 
that it was not a major influence on health and disease in Trondheim during the 13th to 17th 
centuries. This is not surprising given the time period from which this population came, 
and the size of the population itself. Historical evidence presented in section 9.1.3 also 
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suggests that tuberculosis was not prominent in Trondheim until at least the 18th or 19th 
centuries.  
 
In regards to skeletal evidence in the Library site sample, the majority of the lesions 
recorded here involve the formation of bone rather than the destruction of bone seen in 
tuberculosis (Aufderheide and Rodríguez-Martín 1998, Larsen 2015). No individuals 
exhibit the spinal and joint tuberculosis most commonly seen in severe, chronic skeletal 
manifestations of the disease, or the tendency for areas of cancellous bone to be involved 
such as the vertebrae, ribs and sternum (Aufderheide and Rodríguez-Martín 1998, Ortner 
2003). Although, it should be cautioned that only a small percentage of individuals display 
skeletal manifestations of tuberculosis, and that many could have perished from the disease 
prior to developing lesions. These two factors could be working together or separately, as 
in the case for the skeletal frequency of leprosy in the sample, to depress rates of 
tuberculosis. 
 
The lack of clear and pathognomonic instances of tuberculosis from this sample are not 
surprising given the known presence of leprosy, though this does not mean that the disease 
could not have been and was not sustained in Trondheim, despite the small population. As 
has been discussed previously, Trondheim's troubled economic past meant that the 
population size was limited to the low thousands by the 16th century, along with wide-
spread farm abandonment that had occurred prior to this throughout Sør-Trøndelag. Most 
accounts suggest that Trondheim, and indeed Norway, took far longer to recover from 
epidemics of plague, than other countries, with no upward trend in population growth or 
reclamation of abandoned farms until the mid 16th century (Gissel et al. 1981). Norway was 
also a country of very small urban populations in comparison to Europe, with only 5% of 
the medieval populations living in towns (Holt 2007). However, given the clear presence of 
endemic syphilis in the skeletal remains of this population, and its tendency to favour 
crowded living spaces and populations with poor hygiene (Anderson et al. 1986), it does 
not seem unreasonable that tuberculosis may also have been present, perhaps at endemic 
levels. Crowded living conditions are also known to favour transmission of tuberculosis 
(Friedland 2010, Fitzgerald et al. 2015) and though this population was quite small by the 
late 14th century, it certainly could have been present in the population, particularly during 
Phase B.  
 
It seems likely then, that tuberculosis was present in some form during the medieval and 
early modern periods in Trondheim. In the case of infection with Mycobacterium bovis, this 
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may have particularly been so during the winter months when animals were moved indoors 
and bovine to human transmission was more likely, through increased contact with 
infected droplets or through eating or drinking infected milk products (Waldron 2008). 
Increased reliance on terrestrial protein for subsistence and climatic change during Phase C 
may also have increased exposure to Mycobacterium bovis. Exposure could have been 
influenced by cooler temperatures increasing the need for livestock to be brought inside, 
and the movement towards animal husbandry both through a change in demand and prices 
and a shortage of labour (Orrman 2003), and, presumably, less optimal growing conditions.   
 
Interestingly, protein malnutrition has been linked to morbidity and mortality from 
tuberculosis, as well as to a lack of skeletal manifestations under the appropriate 
circumstances. Adequate levels of protein have been found to provide a certain level of 
resistance to the onset of symptoms of the disease, particularly Pott's disease (Carmichael 
1993, Johnston 1993, Wilbur et al. 2008). A high level of iron stores in the body, however, 
aids in the development of the disease as it supports Mycobacterium multiplication (Wilbur et 
al. 2008). Individuals with low protein and high iron levels will not have sufficient time for 
the infection to develop into Pott's disease before they die as a result of the disease (Wilbur 
et al. 2008). However, even when one considers the economic and environmental factors 
influencing the wellbeing of the population of Trondheim during this period, a lack of 
protein appears unlikely, given the movement of subsistence towards livestock over cereal 
production (Orrman 2003). However, higher levels of protein, particularly during Phase C, 
could be providing resistance to onset of symptoms and thus, skeletal manifestations. This 
said, it seems more likely in this instance that general under-nutrition would be a more 
significant factor for disease maintenance, as has been discussed in previous chapters and 
documented (McMurray et al. 1989, Berkowitz 1992, Cegielski and McMurray 2004).  
 
This is in sharp contrast to the evidence presented by Hughes (1998) for tuberculosis in 
18th century Trondheim. Two cases of tuberculous coxitis and one case of Pott's disease 
were present in her examination of 60 individuals. The general health of this later sample 
from Trondheim, including seven cases of scurvy in older adults, certainly points to a 
population that was probably under more environmental stress than the earlier populations 
excavated from the Library site. Given the dating, it is also likely that by this stage, the 
population, and crowding, would have reached levels better able to sustain outbreaks of 
tuberculosis than in earlier centuries.  
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9.5 Summary 
This chapter examined the evidence for specific infectious diseases in adults in the Library 
site sample through assessment of pathological changes to the bone and diagnosed 
pathological lesions in specific individuals. These results were discussed in the context of 
disease epidemiology and geographical distribution and historical and bioarchaeological 
evidence for infectious disease in Europe during the medieval and early modern periods. 
This analysis demonstrated at least the presence of leprosy and endemic syphilis in the 
Library site population, which is unsurprising given the known geographical distribution 
and historical presence of these diseases. The absence of tuberculosis and venereal syphilis 
was somewhat more surprising, though given the rarity of skeletal manifestations of these 
diseases, particularly tuberculosis, this is not entirely unexpected.  
 
Leprosy is tentatively confirmed in one individual, SK078, with several others exhibiting 
pathological lesions that could be caused by leprosy. In view of the prominence of leprosy 
during the medieval period in Europe and its documented presence in Norway during this 
period, a greater number of leprosy cases might have been expected. However, leprosy's 
age of onset, the formation of leper hospitals, low levels of skeletal manifestation and 
possible heightened mortality in subadults (whether from leprosy or other causes) may 
have led to a low prevalence in the sample. It must be cautioned though, that leprous 
lesions can also be attributed to infection with endemic syphilis and further analyses, 
potentially through x-ray examinations or DNA, are needed to confirm this diagnosis. 
 
The presence of endemic syphilis in Trondheim is supported by past analyses and x-ray 
findings on three of the individuals discussed here (Anderson et al. 1986). A number of 
other individuals also present with pathological changes that are likely indicative of 
infection either with leprosy or treponemal infection but the lesions present are not 
definitive for either disease.  
 
Since Trondheim was excepted from the general European trend towards urbanisation and 
population increase for the later centuries that this sample represents, it is hardly surprising 
that endemic syphilis would maintain its foothold in the town. The absence of venereal 
syphilis is somewhat more surprising, though the examination of subadults and into the 
presence of congenital syphilis would likely shed more light on this apparent absence. 
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In conclusion, the lack of any definitive pathognomonic lesions on any of the skeletons 
makes these diagnoses tentative, apart from the prior use of x-rays to confirm the infection 
with endemic syphilis in three individuals. Further examination at the molecular level of 
bone for evidence of Treponema pallidum, Mycobacterium leprae and Mycobacterium tuberculosis is 
needed, though it would appear that such analyses into treponemal ancient DNA are 
severely restricted, if not impossible (Bouwman and Brown 2005, von Hunnius et al. 2007). 
There has been  only one successful case to date resulting in the extraction of Treponema 
pallidum (from a 200 year old skeleton from Easter Island: Kolman et al. 1999). Such 
analyses are currently being carried out on this sample by researchers from the University 
of Copenhagen and should yield interesting results. In addition, further analysis of the 
Library site sample, particularly an assessment of subadult individuals, is likely to lead to 
further insight into disease in Trondheim, particularly in relation to leprosy and the 
treponemal diseases. 
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Chapter Ten 
The influence of environmental and social factors on health and disease 
across Europe 
 
10.1 Introduction 
 
This chapter aims to utilise the examinations in previous chapters into frequencies of 
pathological lesions and abnormalities present in the Library site and other European 
samples, in order to explore the potential relationships between these and environmental 
and social variables affecting these sites. The health and wellbeing of past and present 
populations are influenced by the interplay of a number of diverse factors. Throughout 
history, particularly in the last millennium, these included social and environmental factors 
such as changes in agriculture, industrialisation, population growth, diet and climate change 
(Appleby 1980, Armelagos and Cohen 2013, Armelagos et al. 1991, Cohen 1998, Reiter 
2000, Grell and Cunningham 2002, Larsen 2006, Roberts and Manchester 2007, Zhang et 
al. 2007, Watson et al. 2010, Zhang et al. 2011a, Dybdahl 2012, McMichael 2012, Pei et al. 
2014, Larsen 2015).  
10.1.1 Rationale 
The relationships between these external factors and human health are particularly difficult 
to untangle in an archaeological context. In previous chapters, results of examinations were 
assessed in the context of the climatic and social changes occurring during the medieval 
and early modern periods of Europe, including the Little Ice Age, bubonic plague and the 
economic decline of the 13th century onwards. For example, the reduction in frequencies of 
cribra orbitalia (CO) over time in the Library site sample could be due to changes in diet 
such as an increased uptake of terrestrial protein and a decrease in consumption of marine 
protein (leading to lessened exposure to fish-borne parasites), which may have been 
influenced by the adverse effects of climate change on agriculture and fisheries during this 
period. Relationships between other social, economic and environmental variables and 
frequencies of disease have been posited in the bioarchaeological literature and in the 
present study. But in many instances, these relationships have remained unresolved or the 
impacts of several variables, such as the relationship between infection and diet on cribra 
orbitalia, cofound attempts to define a root cause.  
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Specifically, most of these relationships are described abstractly in palaeopathological 
research and do not attempt to find any relationship through statistical analyses. It is 
believed that such an examination, in the context of other historical evidence and previous 
bioarchaeological research, could lead to a better understanding of what factors influenced 
health in the past and how this occurred. Thus, it is the aim of this chapter to utilise 
statistical analyses, historical, epidemiological and bioarchaeological evidence to unravel 
these relationships and to attempt to explain frequencies of skeletal manifestations of 
health in disease samples from medieval and early modern Europe. 
 
This will provide a greater insight into the impacts of these variables on the frequencies of 
skeletal manifestations of health and disease in the Library site sample. More broadly, by 
presenting results for the European and Library site samples as a whole, this analysis will 
attempt to discern what common factors may have impacted on these geographically 
diverse populations. Previous analyses in Chapters Six (section 6.6) and Seven (section 7.3), 
conducted exploratory multivariate analyses into nutritional deficiencies and oral health. 
These analyses attempted to determine whether groupings of the European samples were 
influenced by frequencies of lesions. This chapter will seek to clarify these results further, 
taking into account multiple variables.  
 
The following questions are posed in this chapter: 
1. Is there a relationship between pathological variables in the collective European 
samples? Are different pathological variables be influencing the occurrence of one 
another? 
2.  Do environmental variables, such as latitude, distance from the coast, elevation, 
climatic period (such as Little Ice Age or Medieval Warm Period) or climatic 
(Köppen) classification have an association with frequencies of pathological lesions 
in these populations? Are there any significant differences when comparing the 
frequencies of pathological lesions for types of environmental variables (e.g. Little 
Ice Age versus Medieval Warm Period)? 
3. Do social variables such as diet and settlement type have an association with 
frequencies of pathological lesions in these populations? Are there any significant 
differences when comparing frequencies of pathological lesions for types of social 
variables (e.g. urban versus rural settlement types)? 
 
349 
 
In order to address these questions, the frequencies of pathological lesions and stature 
estimations for the Library site and European samples, as previously summarised in 
Chapters Five through Eight will be collated. This will include data for dental caries, 
alveolar defects of pathological origin (ADP), ante-mortem tooth loss (AMTL), cribra 
orbitalia (CO), linear enamel hypoplasia (LEH), non-specific infection (NSI) and mean 
estimated stature. This analysis will also incorporate new data relating to social variables, 
including diet and settlement type, as these are frequently posed as having a relationship to 
health and nutrition in the bioarchaeological literature. Environmental variables, including 
latitude, elevation, distance to coast, Köppen classification and climatic period will also be 
incorporated. The impact of climate and climatic period on health has been discussed in 
the clinical and bioarchaeological literature (Steckel 2004, Koepke and Baten 2005, 
Oxenham and Matsumura 2008, McMichael 2010, McMichael and Dear 2010, Drake and 
Oxenham 2013, Oxenham, Matsumura and Drake 2013, Williams 2013). The inclusion of 
other environmental variables allows for a more robust statistical analysis as these can also 
be associated with climatic classification. These data will then be analysed, utilising a variety 
of statistical models that best fit the available data, in order to address the above questions 
relating to the potential associations between pathological, social and environmental 
variables. 
10.1.2 Limitations 
Some limitations to this analysis do exist however, and it is important to discuss these here 
before examining the results of statistical modelling. As demonstrated previously, whilst 
many authors have attempted to link the pathological lesions found in archaeological 
populations to social and environmental variables (Obertová 2005, Mays et al. 2006, Yoder 
2006, Mays 2007, Jakob 2009, Bourbou and Tsilipakou 2010, Novak et al. 2012, 
Liebe‐Harkort 2012a, 2012b), these relationships can be somewhat tenuous. Life in the 
past, as today, was complex, with a number of important factors, including genetics, 
influencing human health and survival.  Additionally, as mentioned in Chapter One, the 
challenges presented by the osteological paradox make inferring health of a population 
from skeleton lesions extremely difficult. Just as life in the past was influenced by a number 
of factors, so are the immune responses seen on the skeleton in response to disease. 
Results here and subsequent analyses must be viewed in the context of the difficulties of 
inferring health from skeletal remains, and thus, the influence of the chosen variables on 
"health." 
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Whilst this study stems from an interest in determining actual influences on frequencies of 
pathological lesions in historical human populations, it is recognised that statistical analyses 
will merely identify potential influences, as the impact of confounders and the non-
experimental nature of this study will render it difficult to identify direct causes and effects 
on the frequencies of lesions described. It is important to note that results will posit 
potential correlations and relationships, but are unlikely to be able to fully explain the 
influences on levels of health and disease historically. For this reason, discussions of the 
results will attempt to draw on not just the following statistical analyses, but also historical, 
archaeological and epidemiological research which will provide additional perspectives on 
the influence of social, environmental, and other variables on human health in the past. 
 
Additionally, data collection and analysis issues could also be confounding the following 
results. Whilst care was taken to collate data from research that utilised methods most 
similar to that applied here (see Chapter Three, section 3.1.), exact similarity was not always 
possible. As discussed previously, particularly for the lesions of the dentition, much of the 
published research utilised for the European samples did not publish frequencies for 
lesions by sex. The same was often the case for specific age categories, with published 
research often attributing individuals to an ‘adult’ age category only. This could be 
particularly problematic for populations with very low or very high mortality rates, which 
would skew the frequencies of pathological lesions, particularly those that are degenerative 
or time-dependent. Attempts were made to gain access to raw data so that the age and sex 
structure of the populations utilised could be controlled. Unfortunately, the raw data for 
these samples, excepting the Library site sample, were not able to be accessed. This 
particular influence has been considered when interpreting the outputs of the model and 
results of subsequent analyses may reflect this. 
10.1.3 Structure 
This chapter will first discuss the data utilised for these analyses, including the use of 
pathological, social and environmental variables, how this information was obtained, and 
the methods for classification. Following this, the statistical methods will be discussed. 
Results will then be presented against the three main questions posed for this chapter. 
These sections will outline the results for the broad relationships, and then summarise the 
results of analyses into differences within the variables, for example a difference in the 
frequency of a particular pathology in urban versus rural skeletal samples. Finally, the 
discussion will revolve around the relationship of overarching social and environmental 
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variables on pathological lesions followed by more specific discussions on differences in 
frequencies of lesions within these variables in the context of bioarchaeological and 
historical research. 
 
10.2 Method 
 
The following sections will describe the methods used for analyses conducted in this 
chapter. These have been included within this section rather than Chapter Four 
(Methodology), due to the complexities of the data collection and statistical analyses. The 
method for collection and descriptions of new data, that is, data pertaining to the 
environmental (climatic period, Köppen classification, elevation, latitude, distance to coast) 
and social (diet, settlement type) variables will be outlined first. Descriptions of the 
pathological variables used and outlined in previous chapters will also be revisited. 
Following this, the statistical analyses conducted on the data, according to the nature of 
each individual variable (continuous or non-continuous) will be outlined.  
10.2.1 Data collection and classification 
Data for the Library site and all 38 European samples were assembled for analysis. These 
data included the pathological lesions previously described in Chapters Five to Eight, 
summarised in Table 10.1. Further information pertaining to how the samples were chosen 
for inclusion and descriptions can be found in Chapter Three, sections 3.1 to 3.3.  
 
New data relating to environmental variables, including latitude, elevation, distance to 
coast, climatic classification and climatic period, and to social variables including diet and 
settlement type, were also included, with results collated in full in Appendix D. As 
indicated previously, analysis of this kind, discussing pathological variables in the context of 
environmental and social change, is not common in the bioarchaeological research 
literature, with some exceptions (Appleby 1980, Reiter 2000, Steckel 2004, Oxenham and 
Matsumura 2008, Zhang et al. 2011a, Dybdahl 2012, Drake and Oxenham 2013), and 
statistical modelling of such relationships is even less common. It is for this reason that 
data collection, groupings and subsequent analyses took a novel approach in many 
instances.  
 
Data pertaining to social variables (settlement type and diet) were included from previously 
published information for each sample. These variables have a long history of known 
352 
 
relationships to population health and are consistently used in discussions of oral health 
and nutritional deficiencies in past populations (Baynes and Bothwell 1990, Stuart-
Macadam 1992a, 1992b , Hillson 1996, Ortner 2003, Roberts and Manchester 2008, Larsen 
2015) (also see Chapters Six and Eight). Where information for certain variables was not 
available for a particular sample, these were categorised as not known (NK).  
 
Data for environmental variables were based on information available on the environment 
at these sites in the present day. It was considered that present-day climatic classifications 
were still broadly applicable. Descriptions relating to the collection of data on social and 
environmental variables for each sample are described below.   
 
Table 10.1: List and description of pathological terms utilised 
Code Name Description
ADP Alveolar defects of pathological origin
An abscess in the maxilla or mandible caused by a 
collection of pus forming in a cavity following 
tissue disintegration.
AMTL Ante-mortem tooth loss
Loss of teeth prior to death, which can be caused 
by poor oral hygiene, cariogenesis, wear, 
deliberate removal and nutritional status.
ASC Average stature combined
Stature estimations based on long bone 
measurements. Average stature has been 
combined for males and females to maximise 
sample size.
CO Cribra orbitalia
Porosity on the internal surfaces of the orbit 
resulting from a lack of iron in the blood stream.
- Dental caries 
Areas of eroded enamel commonly associated 
with consumption of carbyohydrates and poor 
hygiene.
LEH Linear enamel hypoplasia
Defects in the enamel appearing as pits or 
grooves across the enamel surface that occur 
during growth periods of denitition due to stress, 
such as nutritional deficiency or disease.
NSI Non-specific infection
Basic inflammatory responses which commonly 
manifest on the periosteum of the bones as 
osteomyelitis or periostitis. 
 
 
Latitude, distance to coast and elevation 
Latitude, distance to the coast and elevation of the sites from which samples came were 
established using Google EarthTM, based on published data regarding the geographical 
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locations of the sites. For the modern and medieval Iberian Peninsula samples from Spain, 
for which multiple sites were assessed together as a group, all sites were mapped, and a 
mean of latitude, distance to coast and elevation taken. This was done as the remains 
examined were from geographically diverse sites within the Iberian Peninsula and a mean 
was considered to be representative of the samples. In the case of the sample from Jutland, 
measurements for latitude, elevation and distance were based on a central point in the 
region as this sample was also collated from numerous sites. 
 
Climatic classification 
Allocation of climatic classification for each site was conducted according to the method 
utilised by Zhang et al. (2011a). This was based on the Köppen climatic classifications 
published in The Times Compact Atlas of the World (5th Ed.), with the 6th edition utilised here. 
Köppen classification is one of the most widely utilised climate classification systems and is 
based on the distribution of vegetation as an expression of climate. Classifications combine 
mean annual and monthly temperatures and precipitation.  
 
Each of the 39 samples were mapped against the major climatic regions and sub-types 
outlined for Köppen climate classification (Table 10.2 refers) (Times-UK 2013). For the 
purposes of statistical analyses sub-classifications were removed due to small sample size. 
'Dfb' and 'Dfc', 'Csa' and 'Csb' and 'Cfb' and 'Cfc' classifications were combined into 'Df', 
'Cs' and 'Cf' classifications respectively to maximise sample size and improve the 
probability of a robust analysis. Zhang et al. (2011a) also only provided dual classifications 
within their analyses. 
 
Table 10.2:  Major climatic regions and sub-types of Köppen climatic classifications 
Code Description
C Warmer humid
D Cooler humid
ET Tundra
a Warmest month above 22°C
b Temperate - Warmest month below 22°C
c Temperate - Less than four months over 10°C
f Constantly moist ranfall throughout the year
s Dry season in summer
Table adapted from The Times Compact Atlas of the World  (2013)  
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Climatic period 
A number of samples were classified in terms of climatic period and dated to the Little Ice 
Age (LIA) or Medieval Warm Period (MWP). Samples with dates strictly within the time 
frames generally attributed to these periods (see Chapter Two, section 2.4.1) were classified 
as LIA or MWP. Those that had any dates outside or across these periods were classified as 
not known (NK).  
 
Settlement Type and Diet 
Data relating to the settlement type of each population were recorded as urban (U) or rural 
(R), based on attribution of these types by the authors who undertook examination of the 
samples. Dietary habits were more complex and were separated into three categories:  
 Carbohydrate (C) based - where diet consisted predominantly of carbohydrates 
such as cereals, with the addition of some vegetables, dairy and meat;  
 Carbohydrate with Protein (CP) - as above, but where there was evidence for 
additional protein in the diet, typically marine-based; and  
 Mediterranean (M) - where the diet consisted of some carbohydrate but was more 
evenly balanced by fruits, vegetables, marine and other protein, olive oil, nuts and 
legumes.  
 
Diet was attributed to a sample where archaeological or historical evidence for subsistence 
was evident. In the absence of such data, the diet for these samples was classified as NK. 
These dietary indicators are by no means definitive. The lack of a definitive system of 
dietary categorisation in bioarchaeological research makes it difficult to categorise past diets 
correctly for the purposes of comparison.  
 
Finally, classification of the economic status of each sample was attempted through 
assessment of the published literature. Many of the publications did not discuss the 
economic status of the individuals disinterred and it is likely, in many of these cases, that 
this was not known by the excavator or researcher. In total, only nine of the 39 samples 
determined the economic status of the population. Due to the large amount of missing data 
for this variable, it was not included in the final data set for analysis.  
 
 
355 
 
10.2.2 Statistical analyses 
Statistical modelling was undertaken in order to address the relationships between 
pathological, environmental and social variables. Two statistical programs were utilised for 
analyses. JMP 11 was utilised for the principal component analysis, whilst Genstat 15th 
edition was utilised for both analysis of variance and generalised linear modelling.  
 
For examination of the first question regarding the potential relationship between 
pathological variables, analysis by principal component analysis (PCA) for correlations was 
utilised. Due to the large amount of missing data, analysis by REML (REstricted Maximum 
Likelihood) for the PCA was conducted, as REMLs are more useful and robust when 
dealing with incomplete data sets. Pathological variables considered by this analysis 
included caries by tooth, ADP, AMTL, LEH by tooth, CO, mean NSI and mean combined 
stature, which merged male and female mean statures. Mean combined stature was 
included in order to maximise sample size for assessment. The approach to using PCA in 
this study is further discussed in Chapter Four, section 4.9.2. 
 
For the analysis of the relationship between continuous environmental and pathological 
variables, as outlined in question two, linear regression was utilised. This was deemed the 
most appropriate form of statistical analysis as it is used to test the relationship between a 
scalar dependent variable (pathology) and a continuous explanatory variable (environment). 
These variables included latitude, distance to coast and elevation, and were related to 
individual pathological variables for which data were available. For this and subsequent 
analyses the following pathological variables were utilised: caries by tooth, caries by 
individual, ADP by tooth, ADP by individual, AMTL, LEH by tooth, LEH by individual, 
CO, mean NSI (see Section 8, Table 8.41), NSI by individual, NSI by tibia and mean 
combined stature. Results were presented as p-values, with significance determined as 
values of less than or equal to 0.05. 
 
Analysis of variance (ANOVA) was utilised in answering the second and third questions as 
they relate to non-continuous variables, seeking to determine how and whether social and 
environmental variables influenced the occurrence of pathological lesions. These variables 
included diet, settlement type, Köppen classification and climatic period. Use of an 
ANOVA was deemed appropriate in this instance in order to reduce the risk of Type 1 
errors that can occur when undertaking two-sample t-tests, and an unbalanced design was 
employed as the means were not similar. ANOVAs are also useful in comparing three or 
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more variables (pathological lesions) to corresponding non-continuous variables (i.e. social 
and environmental factors such as climatic period and diet), as was done here. 
Relationships did not result in a positive or negative value, due to the presence of non-
continuous variables in the modelling.  
 
Differences between the frequencies of pathological lesions for the various categories 
incorporated within each non-continuous variable (e.g. urban versus rural settlement types), 
were assessed using  binomial linear regression, as a generalised linear model (GLM). These 
variables were the same as above, including diet, settlement type, Köppen classification and 
climatic period.  For both the ANOVA and GLM analyses discussed here, results were 
presented as p-values, with significance determined as values of less than or equal to 0.05. 
 
Analyses were conducted and results checked against the appropriate orthogonal measure, 
including residual plots and least significant differences (LSDs). This was to ensure the fit 
of the data into the model. In several instances, particularly in relation to Köppen 
classifications, these data were not able to be fully implemented in the model, due to 
resulting errors. Where errors occurred or where data was so limited as to prevent a robust 
analysis, such as the instance of a small sample size of 'Df' classifications, individual 
variables were removed from the analysis.  
10.3 Results – Assessment of the relationship between pathological variables 
The results presented in this section summarise the statistical analyses which answer the 
first question posed, that is, whether there was a relationship between pathological 
variables across the European samples. For instance, the relationship of caries to AMTL is 
well known in the bioarchaeological record, with caries commonly increasing risk of AMTL 
development (Costa 1980, Lukacs 1989, Hartnady and Rose 1991, Kelley et al. 1991, Lukacs 
1995, Lukacs 2011, Willis and Oxenham 2013), although Chapter Six demonstrated that 
this may not be the case for the present study. For the Library site sample, some of these 
potential relationships have been discussed in previous chapters. Statistical analysis will 
help to determine whether such relationships existed across Europe more broadly, and 
whether these could be influencing frequencies of pathological lesions across samples. 
 
However, the second part of the question, that is, whether these skeletal manifestations of 
health and disease could be influencing one another, is far more complex. Whilst a 
correlation may occur, this may not necessarily reflect a causal relationship. This requires 
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the input of other information into discussions, including epidemiology and known 
historical contexts for the occurrence and frequency of these lesions in European 
populations during the medieval and early modern periods. This will be examined further 
in the discussion portion of this chapter.  
10.3.1 Results of analyses into the relationship between pathological variables 
Table 10.3 presents the results of correlations of the collective pathological variables (caries 
by tooth, ADP by alveoli, AMTL by alveoli, LEH by tooth, CO, mean NSI and combined 
mean stature), derived through PCA. A number of unexpected correlations were found, 
including positive ones between carious teeth and LEH, carious teeth and NSI, and CO 
and NSI, and negative ones between ADP and AMTL, and CO and mean stature. To 
verify these results, these relationships were also modelled in Microsoft Excel using linear 
regression and can be found in Appendix E. This further modelling resulted in only one 
positive correlation, the relationship between carious teeth and LEH (r2 = 0.566).  
As a low number of data points existed for several of these relationships, there would have 
been a high likelihood of type 2 errors, as the model would have attempted to fit these to a 
line of best fit.  
 
Table 10.3:  Correlations (r2-values) of collective pathological lesions (caries by tooth, ADP by 
alveoli, AMTL by alveoli, LEH by tooth, CO, mean NSI and mean combined stature) from the 
European site samples derived from principal component analysis 
% CT1 % ADP1 % AMTL1 % LEHT1 % CO1 % NSIM1 MSC1
% CT 1.0000 0.0782 0.0495 0.8036 -0.0170 0.5213 -0.1112
% ADP 0.0782 1.0000 -0.5984 -0.2739 0.2324 -0.0749 -0.4972
% AMTL 0.0495 -0.5984 1.0000 -0.0146 -0.1676 0.2015 0.2912
% LEHT 0.8036 -0.2739 -0.0146 1.0000 -0.0088 0.2914 -0.2235
% CO -0.0170 0.2324 -0.1676 -0.0088 1.0000 0.5968 -0.5430
% NSI Avg 0.5213 -0.0749 0.2015 0.2914 0.5968 1.0000 0.0770
ASC -0.1112 -0.4972 0.2912 -0.2235 -0.5430 0.0770 1.0000
CT: caries (by tooth); ADP: alveolar defects by pathological origin (by alveoli); 
AMTL: ante-mortem tooth loss (by alveoli); LEHT: LEH (by tooth); CO: cribra orbitalia; 
NSIM: non-specific infection (mean); MCS: mean combined stature (male and female)
1indicates r 2 -value; bold numbers indicate significance; significance is considered as
 values ≤‐0.5 or ≥0.5  
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10.4 Results – Assessment of the relationship between environmental and 
 pathological variables 
The results presented in this section summarise the statistical analyses conducted to 
attempt to answer the second question posed, that is, whether there are relationships 
between environmental and pathological variables, and whether there are any significant 
differences between frequencies of pathological lesions by specific categories within non-
continuous environmental variables (e.g. frequencies of cribra orbitalia in LIA compared to 
MWP).  
 
This section presents the relationships between continuous (distance to the coast, elevation 
and latitude) and non-continuous (climatic period and Köppen classification) 
environmental variables and the pathological variables (dental caries, AMTL, ADP, CO, 
LEH, NSI) and mean stature for the 39 samples collectively. 
10.4.1 Results of analyses into the relationship between environmental and pathological variables 
Table 10.4 presents the significance values for studying the effects of environmental 
variables on a given pathological characteristic. Only two relationships were statistically 
significant: the relationships between mean stature and latitude (P = 0.010), and climatic 
period and caries by individual (P = 0.006). A number of relationships were close to 
significance, including those between AMTL by alveoli and distance to the coast (P = 
0.057), climatic period and ADP by individual (P = 0.070) and climatic period and NSI by 
tibia (P = 0.074). Table 10.5 provides further analysis of these relationships by comparing 
frequencies of pathological lesions within non-continuous variables.  
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Table 10.4:  Table of significance values (p-values) for studying the effects of continuous 
(distance to coast, elevation, latitude) and non-continuous environmental variables (climatic 
period, Köppen classification) on a given pathological characteristic for the collective samples 
from the European sites derived from linear regression and analysis of variance 
Pathology
Distance to 
Coast Elevation Latitude Climatic Period
Köppen 
Classification
% caries by tooth 0.308 0.480 0.858 0.356 0.553
% caries by individual 0.268 0.382 0.520 0.006 0.142
% ADP by alveoli 0.781 0.143 0.122 0.125 -
% ADP by individual 0.754 0.468 0.227 0.070 0.108
% AMTL by alveoli 0.057 0.515 0.520 0.173 -
% LEH by tooth 0.497 0.436 0.922 - -
% LEH by individual 0.232 0.091 0.836 - -
% CO 0.614 0.241 0.672 0.523 -
%NSI by individual 0.543 0.325 0.091 0.136 -
%NSI by tibia 0.913 0.865 0.485 0.074 -
%NSI mean 0.688 0.862 0.120 0.317 0.922
Mean Combined Stature1 0.112 0.309 0.010 0.984 0.924
ADP: alveolar defect by pathological origin; AMTL: ante-mortem tooth loss; 
LEH: linear enamel hypoplasia; CO: cribra orbitalia; NSI: non-specific infection
Bold numbers indicate significance; significance is considered as values ≤0.05; all resulting values are positive
1combined male and female average statures
2data indicates p -values based on  linear regression
3data indicates p -values based on analysis of variance
Continuous2 Non-continuous3
 
10.4.2 Results of analyses into the difference in frequencies of pathological lesions within non-continuous 
environmental variables 
Table 10.5 presents the results of pair-wise comparisons of the frequencies of pathological 
lesions by climatic period and Köppen classification. The majority of the analyses relating 
to Köppen classification were not robust and therefore could not be included. As only five 
of 11 tests could be conducted, it is unsurprising that there are few significant results. 
Samples with 'Cs' (warmer humid, dry summers) climates (17.0%) exhibited a significantly 
higher frequency of AMTL (P = 0.048), when compared to those samples with 'Cf' 
(warmer humid, constantly moist) climates (12.8%), while the frequency of mean NSI was 
greater in 'Cf' (19.5%) than 'Cs' samples (6.9%, P = 0.016). There were no statistically 
significant differences in frequencies of pathological lesions between climatic periods.  
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Table 10.5: Summary table of pathological characteristics associated with the pair-wise comparisons (p-values) of non-continuous environmental variables 
(climatic period and Köppen classification) in the collective samples from the European sites, derived from generalised linear modelling 
Variable Category
% caries by 
tooth P 1
% caries by 
individual P 1
% ADP by 
alveoli P 1
% ADP by 
individual P 1
% AMTL by 
alveoli P 1
% LEH by 
tooth P 1
% LEH by 
individual P 1
% CO
P 1
%NSI by 
Individual P 1
%NSI by 
Tibia P 1 %NSI mean P 1
LIA 10.1 33.9 18.8 29.9 28.0 20.0 34.8 22.0
MWP 7.4 20.7 6.1 14.0 32.6 12.7 12.8 12.8
Cs 8.6 27.4 8.4 5.1 17.0 4.4 6.8 7.5 5.4 6.9
Cf 12.9 53.9 5.0 32.7 12.8 28.3 40.1 19.8 22.1 19.5
Cs 8.6 27.4 5.1 6.8 7.5 6.9
Df 9.7 44.3 20.6 17.2 15.0 16.2
Cf 12.9 53.9 32.7 40.1 27.7 19.8 19.5
Df 9.7 44.3 20.6 17.2 18.2 15.0 16.2
ADP - alveolar defect by pathological origin; AMTL - ante-mortem tooth loss; LEH - linear enamel hypoplasia; CO - cribra orbitalia; NSI - non-specific infection
LIA - Little Ice Age; MWP - Medieval Warm Period;
1indicates p ‐value; bold numbers indicate significance; significance is considered as values ≤0.05
2see Table 10.2 for Köppen classifications
0.216 - 0.080-
- - 0.811 0.933 - 0.5780.170
0.505 0.016
0.759 0.973 - 0.215 - - 0.709
Koppen 
classification2 0.726 0.091 0.235 0.073 0.048
0.945 0.136 - 0.233
0.391 0.242
- 0.518 0.892 0.123
- 0.154
0.541 0.281
Climatic Period
0.899 0.265 - - 0.281
361 
 
10.5 Results - Assessment of the relationship between social and pathological 
variables 
The results presented in this section summarise the statistical analyses conducted to answer 
the third question posed above, that is, whether there could be a relationship between 
social (diet and settlement type) and pathological variables, and whether there were any 
significant differences between frequencies of pathological lesions by specific categories 
within a social variable, for instance, whether diets high in carbohydrates may have had 
greater or lower frequencies of these lesions when compared to their counterparts. 
10.5.1 Results of analyses into the relationship between pathological and social (non-continuous) variables 
Table 10.6 presents the significance values for studying the effects of social variables (diet 
and settlement type) on a given pathological characteristic, derived from analysis of 
variance. A number of statistically significant results were indicated by the analyses. The 
relationship between diet and caries by individual (P = 0.002) was statistically significant, as 
was the relationship of diet to ADP by individual (P = 0.027), CO (P = 0.029) and NSI by 
individual (P = 0.020). There was one significant relationship between settlement type and 
a pathology, NSI by individual (P = 0.048).  All of these results were significant for 
variables by individual, rather than lesions by individual bone or tooth. This may be a result 
of the data that were available for these categories. 
10.5.2 Results of analyses into the difference in frequencies of pathological lesions within social variables 
Table 10.7 presents the results of pair-wise comparisons of diet and settlement type for the 
pathological characteristics of the collective European samples, derived from GLM 
analysis. Samples with diets high in proteins and carbohydrates (CP) demonstrated a 
significantly greater frequency of ADP by individual (35.7%) when compared to samples 
with high carbohydrate (C) diets (14.4%, P = 0.037). This relationship was reversed when 
assessing these factors by AMTL by alveoli, where samples with a predominantly 
carbohydrate (C) based diet (16.2%) had a statistically greater frequency of AMTL than 
samples with additional protein (CP) in the diet (7.8%, P = 0.018).  The final statistically 
significant difference was between the frequencies of NSI by individual between settlement 
types, with a higher frequency in urban samples (20.2%) compared to rural samples (11.4%, 
P = 0.017). 
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Table 10.6: Summary table of significance values (p-values) for studying the effects of non-
continuous social variables (diet and settlement type) on a given pathological characteristic 
derived from analysis of variance 
Pathology Diet
1 Settlement Type1
% caries by tooth 0.324 0.616
% caries by individual 0.002 0.582
% ADP by alveoli 0.218 0.604
% ADP by individual 0.027 -
% AMTL by alveoli 0.503 0.237
% LEH by tooth 0.569 0.869
% LEH by individual 0.545 0.909
% CO 0.029 0.566
%NSI by individual 0.020 0.048
%NSI by tibia 0.602 0.701
%NSI mean 0.402 0.863
Mean combined stature2 0.401 0.213
ADP: alveolar defect by pathological origin; AMTL: ante-mortem tooth loss; 
LEH: linear enamel hypoplasia; CO: cribra orbitalia; NSI: non-specific infection
1indicates p -value; bold numbers indicate significance; significance is considered 
as values ≤0.05
2combined male and female mean stature  
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Table 10.7: Summary table of pathological characteristics associated with the pair-wise comparisons (p-values) of non-continuous social variables (settlement type 
and diet) in all samples from the European sites derived from generalised linear modelling 
Variable Category
% caries by 
tooth P 1
% caries by 
individual P 1
% ADP by 
alveoli P 1
% ADP by 
individual P 1
% AMTL by 
alveoli P 1
% LEH by 
tooth P 1
% LEH by 
individual P 1
% CO
P 1
%NSI by 
Individual P 1
%NSI by 
Tibia P 1 %NSI mean P 1
Rural 9.9 38.4 5.5 31.3 9.7 26.4 37.6 24.9 11.4 11.3 12.7
Urban 13.1 52.8 5.3 25.9 11.8 27.7 36.5 28.0 20.2 22.0 18.0
CP 14.0 57.0 7.5 35.7 7.8 37.5 36.1 25.8 10.1 12.4
C 10.8 58.2 1.8 14.4 16.2 18.7 44.5 14.4 18.9 15.2
CP 14.0 57.0 35.7 37.5 36.1 16.3 10.1 12.4
M 5.3 10.0 6.7 4.4 6.8 6.4 5.4 7.0
C 10.8 58.2 14.4 18.7 44.5 18.9 15.2
M 5.3 10.0 6.7 4.4 6.8 5.4 7.0
ADP - alveolar defect by pathological origin; AMTL - ante-mortem tooth loss; LEH - linear enamel hypoplasia; CO - cribra orbitalia; NSI - non-specific infection
1indicates p ‐value; bold numbers indicate significance; significance is considered as values ≤0.05
2see section 10.2.1 for classifications
0.082
0.172 0.178
0.307
0.387 0.079 - 0.375 - 0.693 0.347 - -
- 0.497 0.384 - 0.317
0.570
Diet2
0.578 0.915 0.113 0.037 0.018
0.312 0.072 -
0.017 0.253
0.425
0.339 0.824 0.055 - 0.108
0.322
Settlement 
Type 0.739 0.978 0.289 0.268 0.868 0.802 0.803 0.223
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10.6 Discussion 
Social and environmental variables play a great role in the health and wellbeing of modern 
populations. Increasing urbanisation, poverty, access to nutrition and population growth 
are all well known to have impacts on general health, infectious disease and mortality. 
Extensive scientific research into the impacts of current and future climate change on 
human health predicts a significant decline in health in the near future and an increase of 
direct impacts, such as the spread of insect-borne diseases, zoonoses and the emergence of 
epidemics (Parkinson and Butler 2005, McMichael et al. 2006, Parkinson et al. 2008, 
McMichael and Butler 2009, McMichael 2010, McMichael and Dear 2010, Friel et al. 2011, 
McMichael 2012). These relationships have increased interest in this area and have begun 
to be explored in historical populations (Zhang et al. 2007, 2011a, 2011b, Pei et al 2014). 
 
The social and economic crises that occurred throughout Europe's medieval and early 
modern periods, such as the Great Famine of the 14th century, and the crisis of the 17th 
century, are factors which could have been acting indirectly to influence human health in 
Europe during the past millennium. Diminished food resources were common, as was 
strong growth in population, particularly in the years preceding the spread of bubonic 
plague in the 14th century, and depopulation following this. A number of uprisings and 
rebellions continued until the late 18th century, which likely stemmed from widespread 
unemployment and decreasing demand for goods (Parker and Smith 1997). Demographic 
and agricultural trends in the 17th century typify the eventual crisis, with stagnant 
population, low crop prices and falling yields (Steensgaard 1997). These factors contributed 
heavily to famines, mortality and epidemic disease in Western Europe during these periods 
(Appleby 1980). Given the impacts that social and environmental variables continue to 
have on human health, it seems reasonable to assume that these changes could have also 
impacted on human populations in the past, possibly to a greater extent.  
 
The use of human skeletons to examine changes in social and environmental conditions 
has been suggested (Ahlström 2011), but remains under-utilised in palaeopathological 
research. Research conducted on European statures, utilising regression analyses, 
determined that when population density was controlled for, urbanisation was positively 
correlated to mean stature (Koepke and Baten 2005). More research such as this could help 
in understanding more directly the impact of these influences on human health in the past 
and correlate this with malnutrition, deficiencies and childhood mortality (McMichael 
2012). This analysis contributes to discussions of the broader issues outlined above. A 
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number of significant relationships such as between diet and CO and climatic classification 
and dental caries, draw attention to the direct and indirect impacts the selected variables 
may have had on the health of the population at the Library and European sites.  
10.6.1 The relationship between pathological variables 
The statistical analyses of the relationship between pathological variables undertaken in 
section 10.3.1 attempted to determine whether there were any statistically significant 
correlations between pathological variables and whether these relationships could be 
influencing frequencies of the correlated pathological lesions. Only one correlation was 
found through statistical analysis and further modelling for regression, the positive 
relationship between dental caries and LEH (see Table 10.3).   
 
The correlation between caries and LEH 
Whilst bioarchaeological analyses do not seem to have ventured far into comparing 
frequencies of caries and LEH, with one exception (Gonzalez-Garcin et al. 2010), modern 
clinical literature has studied this relationship at length, particularly in children and juveniles 
(Pascoe and Kim Seow 1994, Li et al. 1996, Lai et al. 1997, Montero et al. 2003, Oliveira et al. 
2005, Psoter et al. 2005, Hong et al. 2009).  
 
A number of hypotheses have been posed in the clinical literature for this positive 
relationship. It has been argued that defective enamel may provide a more suitable 
environment for, and heightened susceptibility to, caries colonisation (Hong et al. 2009). A 
number of longitudinal studies have assessed the relationships between LEH and caries, 
particularly in children, with these studies confirming the association between  presence of 
LEH and heightened risk for caries development (Pascoe and Kim Seow 1994, Li et al. 
1996, Lai et al. 1997, Oliveira et al. 2005, Psoter et al. 2005, Hong et al. 2009). The link 
between enamel defects in general and risk of caries has also been researched elsewhere 
(Seow 1998, Montero et al. 2003). The result in this present study confirms modern clinical 
analyses that point to a heightened risk of caries development accompanying increased 
frequencies of LEH, but does not provide a clear direction of causality.  
 
While many archaeological analyses have assessed both frequencies of caries and LEH, 
often within the same publication, these are usually discussed in isolation (Cucina et al. 
2006, Belcastro et al. 2007, Esclassan et al. 2009). This appears to be an interesting area for 
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research that could be further explored within bioarchaeology, particularly in comparing 
human skeletal samples of known economic status, to see whether caries and LEH were 
indeed high in low socio-economic samples historically, as they are in the clinical literature 
(Seow 1990, Pascoe and Kim Seow 1994, Li et al. 1996, Oliveira et al. 2005).  
10.6.2 The relationship between environmental and pathological variables 
These analyses firstly sought to determine whether there could be a relationship between 
environmental and pathological variables within the Library site sample and across Europe 
more broadly and secondly, to determine whether frequencies of pathological lesions 
differed within environmental variables (i.e. comparing frequencies of pathological lesions 
by two different climatic classifications). Analyses in previous chapters went some way to 
answering these questions on a purely exploratory basis. The role of these statistical 
analyses was to take these cautiously identified relationships and provide more robust 
evidence for significant relationships and differences.  
 
Results did indicate two significant relationships between environmental and health 
variables - latitude and mean stature and climatic period and caries by individual (See Table 
10.4). Results of GLM analyses demonstrated only two significant differences in 
frequencies of pathological lesions within environmental variables between ‘Cs’ and ‘Cf’ 
climates for both mean NSI and AMTL (see Table 10.5).  
 
The relationship between latitude and pathological lesions 
Latitude and mean stature 
Research into human ecology has demonstrated a distinct link, albeit often a weak one, 
between mean stature and distance from the equator (Wolfe and Gray 1982, Gustafsson 
and Lindenfors 2008). Recent research into 124 human populations attempted to 
investigate whether latitude is associated with variations in stature, with the authors finding 
a weak association between latitude and male and female stature . (Gustafsson and 
Lindenfors 2008). There is also some bioarchaeological research which points to greater 
heights in Northern European populations over the past two millennia compared to 
Southern European populations, particularly during the medieval period (Steckel 2004, 
Koepke and Baten 2005). This posited relationship between mean stature and latitude is 
confirmed here through statistical analyses. This may go some way to explaining the greater 
mean stature in the Library site when compared to the other samples. 
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However, it must be cautioned that latitude and climatic variables are not the only factors 
at play. Stature is a complex measure which can indicate evidence for the influence of 
nutritional deficiencies and stress during growth periods, but can also be influenced by 
genetics, nutrition, altitude and disease, amongst a wide variety of other factors (Panter-
Brick 1997, Bogin 1999, Roberts and Manchester 2007, Larsen 2015). Bergmann's rule 
suggests that there is an association with cold climate and greater body mass, whilst Allen's 
rule suggests that humans living in colder climates tend to have shorter limbs,  minimizing 
heat loss through reduced exposed surface area. These rules appear to at least be confirmed 
by populations living close to the poles and conversely, to the equator but it may be that in 
the case of these European samples, that the effects of cold which are positively associated 
with increasing latitude, may not have been great enough to affect growth. Other factors 
can also affect growth, including resource availability (Clauss et al. 2013).  
 
As above, there is no clear consensus as to  the influence of altitude on stature, though 
discussion of this  tend to at least partially reflect the influence of other factors such as 
socioeconomic status and diet. However, in the case of the Library site and other samples, 
all of these have an elevation lower than 1000 metres above sea level, which is likely why 
this was found to not be a significant influence on diet and stature.  Research into the 
effect of altitude on growth in South America has often found that altitude at moderate 
levels can greatly affect childhood growth (Greska et al. 1984, Yip et al. 1988), and that this 
is likely related to the hypoxic environment affecting growth rates during pregnancy (Yip et 
al. 1988).  
 
Other studies have demonstrated that in these instances, socio-economic differences, 
settlement type and malnutrition also work to confound attempts to determine the effects 
of altitude on growth and in many cases, are the more important factors affecting limited 
growth (Obert et al. 1994, de Meer et al. 1995, Leonard and Stansbury 2000, Pawson et al. 
2001, Little et al. 2013). A study of growth in Ecuadorian children demonstrated that 
growth retardation in children from the highlands was partially due to low nutrient density 
of weaning foods and hypoxia (Leonard and Stansbury 2000), while Little et al. (2013) 
found that 36% of a reduction in stature was due to altitude effects, with the remainder 
influenced by other factors such as limited food resources. As discussed throughout this 
study, these issues demonstrate the difficulties in directly attributing the cause of a measure 
or pathology in human remains to an environmental (or social) variable.  
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For instance, both Viðey and Whithorn, situated at latitudes above the 55th degree, had 
statures below the collective European mean, whilst samples from lower latitudes, such as 
Nusplingen and Pleidelsheim, both had higher than average statures. Similarly, it is also 
somewhat unexpected that mean stature at Thjodhild’s Church was so high, particularly 
considering the known pressures on the Norse in Greenland at the time. It would also 
seem unlikely in the case of the Library site and other samples with high mean statures, that 
latitude was the sole influence on mean stature. Given the multitude of factors that can 
influence mean statures, this relationship to latitude may have been indirect. Clearly, 
latitude was likely a proxy for a cause or several causes, rather than a cause in of itself. 
 
The relationship between climatic period and pathological lesions  
Climatic period and dental caries (by individual) 
Only one statistically significant relationship relating to pathological lesions and climatic 
periods was determined, that between caries by individual and climatic period (See Table 
10.4). While analyses comparing the differences in frequencies of lesions in samples dating 
to the LIA and MWP did not reveal any statistically significant differences, samples dating 
from the LIA had greater frequencies of caries than those dating from the MWP (see Table 
10.5).  
 
As discussed in Chapter Six, frequencies of carious lesions rose in the Library site sample in 
Phase C (13th-17th centuries) which included the LIA, in comparison to Phase B (12th-13th 
centuries), during which part of the MWP occurred. This was attributed to a potential 
increase in the consumption of alcoholic beverages or changes in dietary protein, rather 
than increased consumption of starchy carbohydrates (see section 6.6.2). The results of this 
present analysis confirm those from the Library site sample, demonstrating a statistically 
significant increase in carious lesions over time. 
 
In Europe more generally, there was a pattern of greater frequencies of caries for samples 
from the period of the LIA, when compared to those from the MWP. However this cannot 
solely be explained by greater consumption of one specific foodstuff. The LIA 
encompassed periods of significant economic decline and epidemics. It seems likely, given 
these conditions, that a wide variety of foodstuffs were difficult to come by, particularly for 
the lower socio-economic classes. Given the link between high-carbohydrate foods and 
carious lesions, it seems reasonable to suggest that difficulties in accessing adequate 
nutrition and particularly, fresh fruit, vegetables and protein, would have led to an 
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increased uptake in cariogenic foodstuffs in Europe in general during the LIA. As 
discussed above, this was not necessarily the case for the Library site sample but may have 
been true more broadly across Europe during the medieval and early modern periods. 
 
LIA and frequencies of pathological lesions  
Frequencies of pathological lesions presented in Table 10.5 indicate that, excepting cribra 
orbitalia, these were greater in samples dated to the LIA than the MWP. This is in contrast 
to the Library site sample, where frequencies of pathological lesions between Phases B and 
C appeared to be fairly mixed, with higher frequencies of dental caries in Phase C, but 
lower frequencies of CO.  
 
More broadly, frequencies across the samples from the LIA indicate that this climatic 
change may have been detrimental to health in most respects, relative to the previous 
period of warmer climatic conditions. Frequencies of CO during the LIA are similar to the 
MWP, indicating that protein consumption and parasitism may not have worsened in 
general during the LIA.  
 
Greater frequencies of NSI for samples from the LIA across all three categories (individual, 
tibia and mean), compared to those dated to the MWP, indicate that the onset of the LIA 
may have contributed indirectly to the spread and maintenance of infectious disease. 
Alternatively, as discussed in Chapter Eight, the loss of population due to the bubonic 
plague and land abandonment could have resulted in a greater proportion of the population 
undertaking daily activities that caused infections such as agricultural labour and an increase 
animal husbandry. Increased cold weather conditions causing snow, frost and ice, could 
also have led to increased falls resulting in lower leg infections (see Chapter Eight, section 
8.1). This could be further explored by comparing fracture patterns between samples from 
higher and lower latitudes. In addition, the multitude of famines that occurred, particularly 
in the 14th century, could have increased the general susceptibility of European populations 
to the contraction of infectious diseases (McMichael 2012).  
 
These theories should be tested using a larger data set from across Europe, or a set that has 
a greater number of sites attributable to these climatic periods. This said, it would still be 
difficult to definitively identify the cause of differences in the frequencies of NSI and other 
pathological lesions. The inclusion of other data into these examinations in order to further 
test these kinds of hypotheses will be discussed later in this chapter.  
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The relationship between Köppen classification and pathological lesions 
Analysis of variance (Table 10.4) found no significant relationships between Köppen 
classification and the frequencies of pathological lesions. However, other analyses into the 
significance between differences of frequencies of pathological lesions (Table 10.5) 
demonstrated a significantly greater frequency of AMTL in 'Cs' climates when compared to 
‘Cf’ climates and a significantly greater frequency of mean NSI in 'Cf' climates compared to 
'Cs'. It is difficult to define a reason for the differences  in frequencies of AMTL between 
climatic classification. However, the role of climate in the maintenance and presence of 
infection will be discussed below. 
 
Köppen classification and NSI 
The significantly greater frequency of NSI in 'Cf' climates could be the result of climate 
influencing infection frequency indirectly, which would certainly be supported by the 
known indirect impacts of specific climatic conditions on human health and the 
maintenance of infectious diseases, such as the treponematoses. 
 
The main characteristics of both of the 'Cf' and 'Cs' climates are warm and generally humid 
conditions. However, the rates of rainfall for each classification differ, with 'Cs' climates 
having a dry season in the summer, and 'Cf' climates being consistently moist, with rainfall 
throughout the majority of the year. Excessive rainfall and dry summer temperatures can 
lead to negative effects on agriculture (Lobell and Field 2007), leading to malnutrition 
which could impact on susceptibility to infectious disease. Conversely, wetter conditions 
can lead to greater frequencies of infection through an increase in insect-borne diseases or 
as a consequence of spending long periods indoors with animals or in crowded conditions 
(McMichael 2012). However, this is clearly oversimplifying the relationship and does little 
to explain the differences between frequencies of NSI, and for that matter, AMTL at these 
sites. Unfortunately, comparisons between 'Df' climates (cooler humid, constantly moist) 
and 'Cs' and 'Cf' climates yielded no significant results, although samples from 'Df' climates 
had a near-significant higher frequency of mean NSI when compared to those from 'Cs' 
climates.  
 
It is interesting to note that in these collective samples, the 'Cs' climate group consisted of a 
mix of urban and rural sites, but importantly, included the only samples consisting on a 
Mediterranean (M) diet and from low latitudes, ranging from the 35th to 44th degrees. 
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Conversely, the 'Cf' climate samples were from a range of latitudes, from the 41st to the 64th 
degrees and were mostly from urban sites with high-carbohydrate (C) and carbohydrate 
with protein (CP) diets. Results for pair-wise comparisons of social factors (see Table 10.8), 
including diet, unfortunately did not produce any significant results when comparing 
frequencies of pathological lesions in the Mediterranean (M) diet group to other diets. 
Generally speaking however, these analyses did demonstrate that frequencies of lesions in 
both 'CP' and 'C' diets were greater when compared to 'M' diets. These dietary factors may 
have had a greater influence in the above instances than climatic classification in itself. As 
such, the relationship presented here is complex and is difficult to resolve even with the 
addition of more information on other influential variables such as diet.  
 
Latitude and settlement type may also be influencing frequencies of NSI in these samples, 
along with the potential link to rates of annual rainfall. Further research utilising larger 
samples, and thus a more robust analysis, may provide a more detailed picture on the 
effects of different climatic conditions on health in the past. However, it would appear 
likely that given the difficulties encountered in determining the causes for different 
frequencies of pathological lesions as above, that this may not naturally lead to the 
determination of causation.  
10.6.3 The relationship between social and pathological variables  
The statistical analysis in relation to the social and pathological variables was undertaken in 
order to address the third question asked at the beginning of this chapter. This question 
asked whether social variables had an association with frequencies of pathological lesions in 
the Library site and European samples, and whether there were any significant differences 
when comparing frequencies of lesions by type of social variable. Settlement type, 
particularly relating to the impact of urbanisation on health, has been referred to 
throughout this thesis. This analysis aimed to identify statistically significant relationships 
and give further weight to previous hypotheses. 
 
Investigations into the impact of social factors on pathological variables across the samples 
revealed a number of significant relationships. These relationships predominantly revolved 
around the influence of diet on pathological lesions but also generally signify greater 
frequencies of lesions in samples excavated from urban sites.  
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The relationship between diet and pathological lesions 
The analyses of the relationship between diet and pathological variables resulted in the 
highest number of significant results as indicated in Table 10.6. Those results for individual 
frequencies of pathological lesions, including caries, ADP, CO and NSI were influenced by 
subsistence patterns at these sites. This is mostly unsurprising, given the known influence 
of diet on pathological lesions, particularly frequencies of dental caries and CO.  
 
Diet and dental caries 
Chapter Six discussed at length the relationship between carious lesions and diet, 
particularly through the consumption of cariogenic foodstuffs as opposed to protective 
foods, such as dairy products and terrestrial and marine protein (see section 6.6.2). It is 
therefore not surprising that statistical modelling resulted in a significant relationship 
between the two variables. Results of GLM modelling of types of diet against one another 
(see Table 10.7), whilst not significant, demonstrated that those settlements subsisting on 
the Mediterranean-type (M) diet had a near-statistically significant lower frequency of 
carious lesions by individual when compared to carbohydrate-based (C) diets and the same 
against diets with evidence for additional protein (CP). This confirms the hypothesis 
presented in Chapter Six, that intake of a Mediterranean diet may have contributed to 
lower frequencies of caries through the diversity of foods, higher intake of plants and 
consumption of dairy products (Moynihan 2000).  
 
This may also be directly related to access to marine protein. Those samples classified as 
subsisting on a Mediterranean (M) diet all came from sites situated within 40 km of the 
coast. As discussed previously, marine protein somewhat protects against development of 
carious lesions (Rugg-Gunn and Nunn 1999, Jakob 2009). However, a number of samples 
subsisting on 'CP' diets also came from sites within close proximity to the coast and were 
also probably consuming marine protein, despite having greater frequencies of caries. This 
would seem to indicate that the lower consumption of highly cariogenic and starchy food 
and greater diversity of the Mediterranean diet, and not merely the addition of marine 
protein, may have been responsible for the lower frequencies of carious lesions in these 
samples.   
 
 
 
 
373 
 
Diet and cribra orbitalia (CO) 
It is unsurprising that results of the ANOVA demonstrated a significant relationship 
between diet and frequencies of CO (Table 10.6). The links between cribra orbitalia and 
diet, specifically malnutrition, are well known in the archaeological record (Baynes and 
Bothwell 1990, Klepinger 1992, Stuart-Macadam 1992b, Roberts and Manchester 2007, 
Obertová and Thurzo 2008, Liebe‐Harkort 2012b), though there is some controversy 
surrounding this (Chapter Seven refers).   
 
Chapter Seven postulated that a decreased frequency of CO in Phase C of the Library site 
sample may have been due to an increased intake of alcohol promoting iron absorption 
(see section 7.4.1). Coupled with an increased reliance on protein, this may have resulted in 
the lower frequency of CO for that period. In addition, a greater intake of marine protein 
during Phase B may have led to heightened parasitic infection, which has been known to 
contribute to levels of CO (Stuart-Macadam 1992b, Larsen 2015). Across the European 
samples, the influence of settlement type and diet has also been utilised to explain 
frequencies of CO (see Chapter Seven, section 7.4.1).  
 
Results of analyses derived from GLM, as summarised in Table 10.7, demonstrated that 
diets high in carbohydrate with additional protein (CP) had a near-significant higher 
frequency of CO than those with a predominantly carbohydrate-based (C) diet. This result 
was unexpected, although not statistically significant and would require further analysis to 
confirm. Given that heme-protein promotes and aids iron absorption (see Chapter Seven, 
section 7.4.1), it is surprising that the samples with evidence for additional protein 
consumption would have higher frequencies of cribra orbitalia. However, the majority of 
these (Nin, Turku, Thjodhild's Church, the Library site, Whithorn and Gothenburg), were 
all included on the basis of documentary or archaeological evidence of additional marine 
protein in the diet, and are less than 5 km from the coast. It is possible that the protein 
consumed at these sites was predominantly marine rather than terrestrial protein, which 
contains a greater amount of heme-iron. A heightened risk of fish-borne parasites may also 
have been negatively influencing general health and thus, levels of CO. Within Scandinavia, 
fish was commonly eaten and served in a variety of ways. Whilst cooking and preserving 
fish and other marine protein would have reduced the risks of acquiring a fish-borne 
parasite through heating and killing the parasite, eating fish raw, which was common at 
least in Scandinavia (see Chapter Two, section 2.2) or undercooking would have increased 
the risk of contracting parasites (Deardoff 1991, Slifko et al. 2000). Unfortunately, due to 
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the paucity of samples with Mediterranean diets and published frequencies of CO, they 
could not be compared with the samples with 'CP' and 'C' diets.  
 
Diet and alveolar defects of pathological origin (ADP) 
The relationship between ADP and diet is far less straightforward. One significant 
relationship through analysis by GLM was evident, in the higher rates of ADP in 
settlements subsisting on 'CP' diets versus 'C' diets.  
 
Greater frequencies of ADP in the 'CP' samples (see Table 10.8) may indicate under-
reporting in the 'C' diets, given that abscesses only become evident for physical 
examination once they burst, or improved hygiene at these sites, rather than a direct 
relationship to diet. High rates of dental wear are also known to be associated with 
periapical abscesses (Ortner 2003), though rates of wear have not been presented here. 
Communities partaking in 'CP' diets could be subsisting on a greater amount of highly 
fibrous carbohydrates, which wear the teeth to a greater extent than their counterparts, 
resulting in a heightened risk of development of dental abscesses.  
 
Otherwise, it is unclear what may be contributing to this significant difference. It may be 
that the populations subsisting on 'CP' diets also had a higher frequency of caries, thus 
leading to ADP. However, while Chapter Six argued that in some cases there may be a 
relationship between ADP and caries, the evidence presented here does not support the 
hypothesis that there was a link between the development of carious lesions and abscesses 
in the European samples (see Table 10.3).  
 
Diet and non-specific infection (NSI) 
Frequencies of NSI by individual were also found to have a significant relationship with 
diet (see Table 10.6). The role of diet in frequencies of non-specific signs of infection was 
not discussed at any great length in Chapter Eight, but malnutrition and parasitic infection 
are two of a number of factors that can contribute to prevalence of NSI. Whilst regression 
analysis did not demonstrate any significant differences between the three dietary types 
available for analysis (Table 10.7), it did show greater frequencies of NSI in samples with 
'CP' and 'C' diets when compared to 'M' diets.  
 
The impact of diet on NSI in these samples may be due to greater consumption of 
carbohydrates and low variety of foodstuffs, increased risk of parasitic infection and the 
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impact of animal husbandry, all of which could be influencing frequencies of NSI. Modern 
clinical literature shows distinct health benefits of partaking in a Mediterranean diet, which 
could be influencing lower frequencies of infection in these samples (Kushi et al. 1995, 
Itsiopoulos et al. 2009, Itsiopoulos and Brazionis 2011, Itsiopoulos et al. 2011). 
 
In Koepke's (2010) research into nutritional status in prehistoric and historic Europe, he 
concluded that populations in the Mediterranean participated in animal husbandry to a 
lesser extent than their northern counterparts (Koepke 2010). Animal husbandry has been 
found to have been better suited to many of the more climatically-sensitive regions in 
medieval and early modern Europe, such as Scandinavia, than crop growing (Dyrvik et al. 
1976, Sjögren 2009). If this was the case throughout the medieval and early modern periods 
from which the European samples of this research were dated, an increased relationship to 
livestock in samples subsisting on 'CP' and 'C' diets could have contributed to increased 
frequencies of infection in these samples. Increased contact with animals could have led to 
greater frequencies of zoonotic disease outbreaks in the human population (Horwitz and 
Smith 2000, Roberts and Manchester 2007, McMichael 2012, Reinhard et al. 2013).  
Whilst the link between animal husbandry and frequencies of infection is a potential 
explanation for these differences, this is difficult to confirm given the number of possible 
factors influencing infection. This result is another example of the confounding effects of 
multiple influences on frequencies of pathological lesions, particularly when searching for 
the causes of these. 
 
Diet and ante-mortem tooth loss (AMTL) 
Finally, as Table 10.7 demonstrates, the results indicated a significant difference between 
frequencies of AMTL in samples from sites with predominantly carbohydrate-based diets 
(C) and those with a higher intake of protein (CP). Whilst frequencies of AMTL can be 
associated with the presence of caries, and thus generally the consumption of high-
carbohydrate diets, previous analyses found no significant correlation between caries and 
AMTL (see Table 10.3). This is also demonstrated in part by the results in Table 10.6, with 
no significant difference between frequencies of caries by 'CP' or 'C' diets, despite the 
higher frequencies of AMTL in 'C' diets. This is in keeping with analyses in both this 
chapter and Chapter Six, indicating that the link in the Library site sample between caries 
and AMTL was tenuous, if it existed at all (see section 6.6.3).  
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Whilst high frequencies of caries can lead to tooth loss and thus, under-reporting of caries, 
the method for the collection of these data differs for each of these lesions. In all samples 
for which AMTL frequencies were obtained, data collected were based on frequencies of 
observable alveoli, whilst data for dental caries were based on observable teeth, in theory 
mitigating such a risk. However, if severe caries led to AMTL, this would lead to a 
depressed frequency of dental caries and an increased frequency of AMTL. In any case, this 
is an interesting finding that likely warrants further examination with a larger data set to 
ensure robusticity of the result. 
The relationship between settlement type and pathological lesions 
Settlement type and non-specific infection (NSI) 
Two significant results related to settlement type are indicated in Tables 10.6 and 10.7, 
including the significant relationship between settlement type and NSI by individual and 
significantly higher frequencies of NSI by individual in urban compared to rural 
settlements.  
 
Across the majority of the bioarchaeological literature, urban environments are generally 
seen as more detrimental to human health when compared to rural environments, 
particularly those in the pre-industrial era and during industrialisation (Aufderheide and 
Rodríguez-Martín 1998, Steckel 2004, Roberts 2009, Koepke 2010). Poor quality of air, 
water and food, poor hygiene and sanitation and overcrowding have all been proposed as 
significant factors in the urban environment which encouraged the spread and maintenance 
of infectious disease, malnutrition, and high mortality (Lewis 2002, Budnik and Liczbińska 
2006, Roberts 2009).   
 
Frequencies of NSI in the European samples have been interpreted both as evidence for 
improved or deteriorating living conditions, and as a demonstration of the link between 
infection and settlement type (Mays 2007, Bourbou and Tsilipakou 2010). However, the 
role of the rural and urban environments in impacting on human health remains a 
contentious one in bioarchaeology, with recent research suggesting that living in urban 
environments does not lead in all circumstances to an increased prevalence of infectious 
disease (Pitts and Griffin 2012, Redfern et al. 2015). As discussed in Chapter Eight, Pitts 
and Griffin (2012) and Redfern et al. (2015) challenged the idea that historical urban 
environments, specifically in Roman Britain, were consistently more detrimental to 
biological health than rural environments. The role of daily activities, frequently 
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agriculturally-related was also shown in Chapter Eight and in other research into non-
specific infection (Mann et al. 1987, Armstrong and Fleischman 1993, Roberts and 
Manchester 2007, Jakob 2009, Shuler 2011) to be a significant factor influencing infectious 
disease frequencies.  
 
Nevertheless, the results presented in Table 10.7 strongly confirm traditional notions that 
living in urban environments, at least during the medieval and early modern periods, 
increased risks of infection. It is interesting to note that this relationship was not replicated 
by either NSI by tibia or mean NSI - the former of which had a greater number of data 
points than examinations of NSI by individual. Therefore, these results must be viewed 
cautiously and further examinations into the statistical relationship of NSI to settlement 
type would be instructive. 
10.7 Summary 
This chapter utilised data collected from 39 European samples, including the Library site 
sample, in order to determine whether there were relationships between pathological, social 
and environmental variables. Data relating to pathological, social and environmental 
variables from these samples were collated from previously published data and data relating 
to pathological lesions previously examined in Chapters Five to Nine. These were then 
assessed using a variety of statistical methods in order to address three central questions: 
1. Is there a relationship between pathological variables in the collective European 
samples? Are different pathological variables be influencing the occurrence of one 
another? 
2.  Do environmental variables, such as latitude, distance from the coast, elevation, 
climatic period (such as Little Ice Age or Medieval Warm Period) or climatic 
(Köppen) classification have an association with frequencies of pathological lesions 
in these populations? Are there any significant differences when comparing the 
frequencies of pathological lesions for types of environmental variables (e.g. Little 
Ice Age versus Medieval Warm Period)? 
3. Do social variables such as diet and settlement type have an association with 
frequencies of pathological lesions in these populations? Are there any significant 
differences when comparing frequencies of pathological lesions for types of social 
variables (e.g. urban versus rural settlement types)? 
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The statistical modelling conducted revealed a number of significant relationships and 
differences. These have demonstrated implications both for the Library site material and 
the health of the samples more broadly.  
 
Environmental variables exhibited few significant relationships with frequencies of 
pathological lesions. However, the differences that were demonstrated further illuminate 
the role that climate had on the general health of medieval and early modern communities. 
Generally, higher frequencies of skeletal lesions in the LIA when compared to the MWP 
would appear to suggest that this climatic change was detrimental to human health across 
these samples. However, this is somewhat at odds with findings from the Library site 
sample, in which frequencies of skeletal manifestations of health and disease both increase 
and decrease for this period. These results are not significant, but further analyses with a 
larger data set may assist to confirm or disprove the statistical trend, or lack of one.  
 
The one significant relationship between an environmental variable and a biological 
variable was between latitude and mean stature. The reasons for this relationship are also 
unclear. Given that stature can be influenced by a number of biological and environmental 
factors, more evidence would be needed to demonstrate that changes in latitude resulted in 
corresponding changes in stature. Statistical analyses into the relationship between Köppen 
classifications and pathological variables only yielded two significant results, being the 
significant difference between frequencies of AMTL by alveoli and mean NSI  when 
comparing the 'Cs' and 'Cf' climate groups. The reasons for the differences between climate 
sub-types remain unclear at this time.   
 
When social variables were assessed, diet was highlighted as one of the most important 
factors influencing human health in the past, particularly in relation to oral health, but also 
affecting nutritional deficiencies and non-specific infection. Analyses demonstrated four 
significant relationships between diet and skeletal lesions including with caries by 
individual, ADP by individual, CO and NSI by individual, and two significant differences 
between types of diets, including between frequencies of ADP by individual and AMTL by 
alveoli in 'CP' and 'C' diets. Though not statistically significant, lower frequencies of lesions 
were recorded in every instance of the collective samples subsisting on a Mediterranean (M) 
diet when compared to the carbohydrate (C) and carbohydrate and protein (CP) diets.  
 
The discussion also postulated that a number of factors, both direct and indirect, could 
have led to these differences in frequencies. Amount and type of protein intake, 
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consumption of starchy carbohydrates, dental hygiene and animal husbandry have all been 
posed in previous research as affecting the frequencies of pathological lesions (Newbrun 
1982, Walker and Erlandson 1986, Baynes and Bothwell 1990, Powell 1996, Aufderheide 
and Rodríguez-Martín 1998, Erdal and Duyar 1999, Hillson 1996, Lieverse 1999, Ortner 
2003, Schollmeyer and Turner 2004, Roberts and Manchester 2007, Jakob 2009, Malčić et 
al. 2011, Liebe-Harkort 2012a, Roberts 2012, Larsen 2015). As indicated in the discussions 
of diet in Chapters Five through Eight, specific dietary preferences and subsistence 
practices can have a considerable impact on frequencies of lesions. Given this, statistical 
analyses are of limited utility if this detailed contextual information is lacking.  
 
The influence of settlement type on pathological lesions in these past populations did not 
demonstrate as many significant results as expected, given its postulated impact on 
nutrition and general health (Aufderheide and Rodríguez-Martín 1998, Budnik and 
Liczbińska 2006, Waldron 2008, Larsen 2015). However, the significant relationship 
demonstrated between settlement and non-specific infection, with higher frequencies in 
urban compared to rural settlements, confirms that at least for these European samples, 
urban environments encouraged the spread and maintenance of infection.  
 
Statistical analyses demonstrated that many social and environmental variables influenced 
medieval and early modern health to varying degrees. While many of the results did not 
demonstrate significant relationships, those that did invite further questions, rather than 
providing definitive answers. It is suggested above that further analyses with a greater 
number of data points could reveal additional relationships, or at least improve the 
robusticity of the existing results. This said, the sample size used for this study was 
sufficient for a robust analysis in many instances, so a further increase in the sample size 
alone may not considerably alter the results. As such, this analysis also demonstrates the 
limited power of statistical analyses in determining external influences on historical 
populations. Rather than the size of the sample alone, the limitations on the available data 
may be an important factor in reducing the definitive results of statistical analysis.  
 
As noted previously, inconsistencies in data collection in bioarchaeology limit the use of 
many findings for statistical comparison. Firstly, it would be beneficial for the discipline to 
adopt more consistent standards of measurement and common classifications of non-
continuous social variables such as diet. Secondly, reliable data on many social and 
environmental variables are rare for samples from the pre-industrial periods, so studies of 
this type must either utilise fragmentary historical records, or results from fields of research 
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such as palaeoclimatology, which tend to indicate broad trends rather than specific climatic 
information such as average rainfall and temperature. Lastly, statistical analyses alone may 
not take into account the fact that these variables could have had different influences on 
historical populations, when compared to clinical studies on modern populations. These 
challenges can be mitigated, though not altogether avoided, by adopting a nuanced, inter-
disciplinary approach, like that explored here, that employs bioarchaeology, epidemiology, 
history and statistics. This approach reinforces the use of statistical analysis where 
appropriate and possible, while also providing necessary context for the statistical results 
where this can be achieved, given the limitations of historical and bioarchaeological data. 
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Chapter Eleven 
Conclusion 
11.1 The research and contribution 
This thesis aimed to understand the health and wellbeing of the population from the 
Library site and other European samples, and to view and analyse these in the context of 
the social, economic and environmental changes that occurred during the medieval and 
early modern periods. Specifically, this thesis aimed to address the following questions: 
 What do examinations of skeletal manifestations of health and disease in a 
Norwegian population tell us about the health of this community? 
 What infectious diseases were present in a Norwegian population during the 
medieval and early modern periods? 
 How does the collective health of individuals from the Norwegian and other 
European populations compare to one another? 
 What social, economic and environmental changes could have affected health at 
this site? 
 Is there a relationship between environmental or social variables and pathological 
variables in this sample and more broadly, across Europe for this period? 
 What other factors could have affected health in this Norwegian population and 
others? 
 
This thesis addressed these questions by firstly, conducting an analysis of the pathological 
lesions present in the human skeletal remains from the Library site. Assessments of a 
number of lesions and abnormalities pertaining to oral health, stature, nutritional 
deficiencies, infection and specific diseases were carried out and the results compared both 
within the sample and to other European samples from the medieval and early modern 
periods. This research placed the health of this population in the context of health in other 
European samples and the important economic, social and environmental changes 
occurring throughout this period.  
 
Secondly, this study examined how these data reflected changes in the Library site sample, 
the influence of biological factors, such as sex, age, time period, and social and 
environmental variables, such as climatic change. No extensive evaluation of the 
palaeopathology of a sample from Trondheim had been conducted previously, and this 
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study was also the first of this kind, published in English, for Norway as a whole. 
Considering the significance of Trondheim as the past capital of Norway and seat of the 
archbishopric, as well as an important trading port, this study makes a valuable 
contribution to our understanding of Norway's past.   
 
Finally, this research assessed the impacts of environmental and social variables on the 
Library site sample and Europe more broadly. While discussions relating to the effects of 
these have been conducted on numerous archaeological samples, these are usually 
examined in isolation and are restricted to a specific site, time period or region. Many 
historians have suggested that the changes occurring during this period would have had an 
impact on human health (Lamb 1995, Fagan 2000, Grove 2004, Steckel 2004), but 
bioarchaeology has yet to address these influences by assessing skeletal remains in this 
context. This research examined a number of European sites in this context, using 
statistical methods and a multi-disciplinary approach to discern the extent and nature of 
any relationships between frequencies of pathological lesions and environmental and social 
variables. 
11.2 Main findings 
The research conducted here revealed a complex pattern of health and wellbeing in 
Norway and Europe during the medieval and early modern periods. Findings of this 
research in Chapters Six, Seven and Eight indicate that for Trondheim, phase and sex 
played an integral part in the frequencies of pathological lesions, along with the expected 
patterns by age for degenerative conditions. 
 
The differences between the sexes were significant, including higher frequencies of carious 
lesions and linear enamel hypoplasia (LEH) in males, and higher frequencies of ante-
mortem tooth loss (AMTL) and cribra orbitalia (CO) in females. Whilst some of these 
differences are expected in the archaeological record, many, such as the higher frequency of 
caries in males and the lack of a link between AMTL and caries, are contrary to the 
accepted understanding of these pathological lesions. This illustrates that whilst it is 
important to view samples collectively, individual samples are complex in their own right, 
and outcomes may be specifically related to influences on that specific sample. In this 
instance, differential access to foodstuffs, and changes to diet in Trondheim due to 
economic and environmental change go some way to explaining these results. 
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Frequencies of NSI were greater amongst males, though this was less marked in Phase C, 
indicating that perhaps females became more involved in activities typically conducted by 
men that could cause infections to the lower leg. This could be the result of a decreased 
labour force following the onset of the bubonic plague or farm abandonment due to the 
LIA, though the exact cause remains unclear.  
 
Comparisons of frequencies of pathological lesions indicate that changes in climate during 
the transition from Phase B to Phase C may have had both detrimental and positive effects 
on human health in Trondheim. Frequencies of cribra orbitalia appear to decrease in Phase 
C, which could be a result of a greater intake of alcohol, decreased consumption of marine 
protein (leading to a reduction in fish-borne parasites) and an increase in terrestrial protein. 
The impact of the LIA on subsistence practices could have led to a lack of marine protein 
and conversely, increased terrestrial protein in the diet. Conversely, levels of LEH increased 
during Phase C, which could be attributed to a number of factors such as diet, infection 
and access to foodstuffs caused by changes in trade and harsher climatic conditions. This 
clearly indicates the complexities of assessing pathological markers in past populations and 
in establishing a root cause for these lesions.  
 
Comparisons of the Library site sample to other European samples in Chapters Six, Seven 
and Eight indicate that frequencies of pathological lesions were low to average in most 
instances, demonstrating that living conditions in Trondheim from the 12th to 17th centuries 
were relatively good. The exception to this was the high frequency of individual NSI at the 
Library site, which could be attributed to the presence of infectious disease, such as 
endemic syphilis, climate (though this was not borne out by statistical modelling), the 
effects of marine parasites or economic decline. Comparisons of skeletal manifestations of 
health and disease found in the Library site sample to the later sample from Nidaros 
Cathedral indicate that the Library site had far lower levels of pathological lesions than the 
later sample. This may demonstrate a decline in health over time in the city, but may also 
indicate social and economic differences between the two samples, which could account 
for differences in frequencies of disease and indicators of stress.   
 
The European sample sites rarely grouped together in principal component analyses, 
though when they did this was often by particular regions or countries. In the majority of 
these instances, local behaviour and social influences such as subsistence practices and 
economic status likely linked these sites, rather than broader social or environmental 
variables. 
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Examinations into specific infectious diseases revealed that endemic syphilis was clearly 
present in the Library site population, along with a possible case of leprosy. These findings 
are not surprising, and are consistent with other bioarchaeological and historical literature, 
reflecting the known presence of these diseases in Norway during the period from which 
the Library site sample dates. The absence of skeletal manifestations of tuberculosis may be 
the result of the low frequencies of skeletal involvement in individuals infected with 
disease, or due to individuals dying from this or other diseases prior to development of 
skeletal lesions. Additionally, this may also be an indication that urbanisation and high 
population density may not have had a significant effect on the health of this community at 
this time, or that the presence of leprosy in the community may have acted to suppress 
endemic levels of tuberculosis in Trondheim. The absence of definitive evidence for 
venereal syphilis is also somewhat unexpected. Although, its presence during at least Phase 
C cannot be discounted, particularly given the high frequency of tibial periostitis in the 
sample, absence of subadults from examinations and the historical evidence supporting its 
presence in Trondheim at this time (Anderson et al. 1986, Watts 1999).  
 
Finally, assessment of the interaction between frequencies of pathological lesions and 
environmental and social variables indicates that the economic, agricultural and climatic 
changes occurring during this period likely affected the Library site sample and other 
European populations. The results indicated that the variables commonly discussed in the 
bioarchaeological literature, such as settlement type and diet, had the greatest number of 
significant relationships with measures of health. This is in contrast to the historical 
literature which tends to place more emphasis on environmental and economic change as a 
causative factor. Statistical modelling of these environmental and social variables and the 
collective frequencies of pathological lesions in Chapter Ten provided a much clearer 
picture of the influence of these variables on past human health than in previous analyses. 
 
This said, environmental factors may have played an important but indirect role. From 
direct examinations of the frequencies of pathological lesions in the European samples in 
Chapters Six, Seven and Eight, it seems apparent that the majority of the differences 
between samples could be attributed to behavioural and social differences, such as 
subsistence practices and access to foodstuffs. However, it is worth noting that social 
variables such as settlement type and diet are influenced by broader external factors. For 
instance, the impacts of diet could be related to a number of other factors such as 
economic or climatic change impacting on subsistence activities.  
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These indirect effects are demonstrated by the finding of higher frequencies of nearly all 
pathological lesions during the LIA than MWP, and significant differences between 
frequencies of lesions by climatic classification in the sample populations. The evidence 
from the Library site sample itself did not point to a general decline in health in relation to 
climatic change, however, analysis of the samples collectively suggests that the few 
significant results may indicate some relationship between environmental variables and 
health. This indicates that even the application of statistical modelling cannot definitively 
elucidate the impacts of external factors on past human health and that these linkages 
remain complex, with many of these significant relationships likely stemming from the 
interplay of multiple influences.  
11.3 Limitations 
In light of these points, it is important to discuss the limitations of this study. The lack of a 
number of data points, particularly for the pathological variables, and for climatic factors 
such as climate classification and period, served to prevent more robust analyses which 
could have led to more definitive results. The lack of material from Scandinavia and other 
more northerly sites prevented more robust analyses relating to the 'Df' and 'ET' Köppen 
classifications. Additionally, data which adhered to the methods used within this thesis 
were favoured for comparative purposes, reducing the quantity of data available. This was 
necessary  in order to minimise the negative effects of different recording techniques on 
the frequencies of lesions, and to provide a robust statistical analysis. However, this was 
not able to be achieved in all cases, thus increasing the risk that differences in frequencies 
between samples were related to observer or technical bias.  
 
As demonstrated particularly in Chapter Ten, the patterns for skeletal lesions did not 
necessarily follow those typical for the rest of Europe, demonstrating the importance of 
local factors in influencing disease and subsequent immune responses. Other factors which 
could not be quantified, such as population density,  may have also had a greater influence 
in this instance. The difficulty in accounting for these relationships is also a noteworthy 
limitation of this study.  
 
These challenges are frequently encountered in archaeology, largely due to the lack of 
stringent universal methodologies applied to data collection and analysis.  In order to make 
future studies more robust, more extensive data for several of these factors and skeletal 
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manifestations of health and disease would need to be collected. In addition, it is 
recommended that  bioarchaeological research adopt standardised methodologies in order 
to improve data consistency and assist with longitudinal studies relating to the impacts of 
factors on biological health in the past.  
 
Furthermore, as discussed above, while statistical modelling can determine the presence of 
relationships or correlations between variables, it did not necessarily indicate the influence 
of these variables on the frequencies of pathological lesions in the Library site sample or in 
the European samples more broadly. The value of statistical analyses in these instances is 
considerable, however, it cannot replace a broader understanding of the historical and 
social context of the lesions and populations being studied.  
 
Finally, as discussed throughout this study, the challenges presented by the osteological 
paradox make it difficult to infer health from palaeopathological analyses, or the impact of 
certain factors on health of a past human population. As discussed in Chapter One, 
attempts were made to mitigate these challenges. However, skeletal analyses can only go so 
far in reconstructing health of a population and the factors that influence health. It is 
suggested that current research being undertaken by the University of Copenhagen on 
scientific measures to identify diseases through DNA analysis, may help to further mitigate 
this issue.  
11.4 Implications and future research 
The findings of this research have wide-reaching implications in the fields of 
bioarchaeology, history and palaeoepidemiology. This research demonstrates that an 
understanding of human health in the past cannot be addressed through a narrow focus on 
a specific region or field of research. Despite the limitations of this thesis, it clearly points 
to the importance of including bioarchaeological material, such as skeletal remains, in 
discussions of human health in the past, and more broadly, in discussions relating to 
changes in the human experience. An understanding of health in Europe's recent past 
would be improved through the adoption of multi-disciplinary approaches to 
bioarchaeological research, such as the one taken here, that bring together the examination 
of human skeletal remains with disease epidemiology and discusses these findings against 
known historical and climatic data. Robust statistical analyses of these data can help to 
overcome the individual limitations of each discipline in such research. 
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In addition, this thesis shows the value of assessing human skeletal samples both 
individually and collectively. Examinations into the general health and diseases present in 
the sample from Trondheim add to our understanding of the city's history and its 
important place in Norway's history. Comparisons to other European samples place this 
sample in context with its European counterparts and further illuminates the potential 
influences on frequencies of pathological lesions. Assessing these samples as a collective 
enables an examination of the factors and variables that influenced human health during 
the medieval and early modern periods in Europe as a whole. This facilitates identification 
of the historical challenges which had the most detrimental effect on human health.  
 
Further examinations of subadults from the Library site sample would enable a better 
understanding of the experience of children in Norway during this period, and aid in 
illuminating the presence and endemicity of specific diseases in Norway. More widely, the 
examinations of more skeletal samples from Scandinavia, particularly given the known 
severe effects of the LIA on this region, and of collections in Europe more broadly would 
further complement our understanding of the palaeohealth of individual communities 
throughout European history. While this is not the first study to view European skeletal 
samples collectively, more research of this kind, focusing on the breadth of Europe would 
provide a much more robust picture of palaeohealth in Europe across time. This would 
also help to illustrate any collective patterns arising from the impact of social and 
environmental variables.  
 
The research conducted also confirms that information gained from the examination of 
human skeletal material can be indicative of the environmental and social conditions of the 
time. It is suggested that this is an area of analysis under-utilised in archaeology. Given the 
current importance of climatic, economic and social change in both developed and 
developing nations, the use of the human skeleton to illuminate the impacts of these 
factors on health in the past provides an opportunity to explore the consequences of and 
potential adaptations to future change. However, it is important that bioarchaeology adopts 
a nuanced and multi-disciplinary approach to such research, inclusive of statistical analyses, 
in order to provide a broad understanding of the complexities of human health in the past.  
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Appendix A: Regression analysis on maxillary molar tooth wear for age estimation 
 
Figure A1: Regression analysis of tooth wear of the left 1st maxillary molar against os coxae age 
estimations 
 
Figure A2: Regression analysis of tooth wear of the left 2nd maxillary molar against os coxae 
age estimations 
 
Figure A3: Regression analysis of tooth wear of the left 3rd maxillary molar against os coxae age 
estimations 
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Appendix A: Regression analysis on maxillary molar tooth wear for age estimation (cont.)  
 
Figure A4: Regression analysis of tooth wear of the right 1st maxillary molar against os coxae 
age estimations 
 
Figure A5: Regression analysis of tooth wear of the right 2nd maxillary molar against os coxae 
age estimations 
 
Figure A6: Regression analysis of tooth wear of the right 3rd maxillary molar against os coxae 
age estimations 
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Appendix B: Regression analysis on mandible molar tooth wear for age estimation 
 
Figure B1: Regression analysis of tooth wear of the left 1st mandibular molar against os coxae 
age estimations 
 
Figure B2: Regression analysis of tooth wear of the left 2nd mandibular molar against os coxae 
age estimations 
 
Figure B3: Regression analysis of tooth wear of the left 3rd mandibular molar against os coxae 
age estimations 
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Appendix B: Regression analysis on mandible molar tooth wear for age estimation (cont.) 
 
Figure B4: Regression analysis of tooth wear of the right 1st mandibular molar against os coxae 
age estimations 
 
Figure B2: Regression analysis of tooth wear of the right 2nd mandibular molar against os coxae 
age estimations 
 
Figure B3: Regression analysis of tooth wear of the right 3rd mandibular molar against os coxae 
age estimation
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Appendix C: Individual Stature Estimations 
Table C1: Summary table of individual stature estimations and elements utilised in Phase A 
Skeleton ID Element Utilised Stature Estimation1 Standard Error1
340 Femur 159.11 3.72
253 Ulna 182.13 4.99
1all measurements in centimetres and to two decimal places  
 
 
Table C2: Summary table of individual stature estimations and elements utilised for males in 
Phase B 
Skeleton ID Element Utilised Stature Estimation1 Standard Error1
250 Femur 162.86 3.69
259 Femur 173.04 3.69
078 Femur and Tibia 176.27 3.58
191 Femur and Tibia 180.89 3.58
199 Femur and Tibia 166.64 3.58
225 Femur and Tibia 176.75 3.58
257 Femur and Tibia 174.39 3.58
318 Femur and Tibia 175.81 3.58
334 Femur and Tibia 173.23 3.58
344 Femur and Tibia 168.68 3.58
351 Femur and Tibia 186.19 3.58
230 Humerus 172.92 4.78
292 Humerus 179.34 4.78
329 Humerus 176.33 4.78
238 Humerus and Radius 161.76 4.60
310 Humerus and Radius 164.72 4.60
298 Humerus and Tibia 175.97 3.96
328 Humerus and Tibia 181.15 3.96
357 Humerus, Radius and Femur 167.99 3.66
281 Radius 179.09 4.97
255 Tibia 162.88 4.13
288 Tibia 179.09 4.13
381 Ulna 183.65 4.99
1all measurements in centimetres and to two decimal places  
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Appendix C: Individual Stature Estimations (cont.) 
Table C3: Summary table of individual stature estimations and elements utilised for females in  
Phase B 
Skeleton ID Element Utilised Stature Estimation1 Standard Error1
115 Femur 155.40 3.72
173 Femur 161.58 3.72
207 Femur 159.35 3.72
270 Femur 159.85 3.72
152 Femur and Tibia 157.18 3.55
175 Femur and Tibia 160.47 3.55
177 Femur and Tibia 158.39 3.55
210 Femur and Tibia 160.77 3.55
235 Femur and Tibia 166.92 3.55
268 Femur and Tibia 162.66 3.55
269 Femur and Tibia 169.02 3.55
280 Femur and Tibia 166.64 3.55
294 Femur and Tibia 161.04 3.55
303 Femur and Tibia 165.43 3.55
352 Femur and Tibia 165.18 3.55
356 Femur and Tibia 170.75 3.55
162 Humerus 163.62 4.45
322 Humerus 160.60 4.45
180 Humerus and Radius 163.02 4.04
187 Humerus and Radius 162.99 4.04
245 Humerus and Radius 164.59 4.04
342 Humerus and Radius 149.88 4.04
361 Humerus and Radius 165.87 4.04
385 Humerus and Radius 170.33 4.04
386 Humerus and Radius 157.26 4.04
227 Humerus and Tibia 157.32 3.67
271 Humerus and Tibia 162.58 3.67
159 Humerus, Radius and Femur 171.29 3.66
196 Humerus, Radius and Femur 161.94 3.66
119 Radius 164.55 4.24
223 Radius 167.87 4.24
317 Radius 161.24 4.24
146 Tibia 155.67 3.66
332 Tibia 155.96 3.66
247 Ulna 178.54 4.30
1all measurements in centimetres and to two decimal places  
 
 
435 
 
 
Appendix C: Individual Stature Estimations (cont.) 
Table C4: Summary table of individual stature estimations and elements utilised for males in 
Phase C  
Skeleton ID Element Utilised Stature Estimation1 Standard Error1
009 Femur 175.39 3.69
017 Femur 170.69 3.69
130 Femur 175.39 3.69
015 Femur and Tibia 164.52 3.58
019 Femur and Tibia 179.91 3.58
021 Femur and Tibia 175.81 3.58
035 Femur and Tibia 171.73 3.58
048 Femur and Tibia 182.60 3.58
050 Femur and Tibia 182.29 3.58
051 Femur and Tibia 174.31 3.58
053 Femur and Tibia 174.99 3.58
105 Femur and Tibia 169.70 3.58
127 Femur and Tibia 173.41 3.58
137 Femur and Tibia 173.14 3.58
166 Femur and Tibia 166.93 3.58
165 Fibula 164.04 4.17
047 Humerus 180.36 4.78
049 Humerus 180.98 4.78
101 Humerus 173.85 4.78
179 Humerus 174.16 4.78
203 Humerus 179.12 4.78
016 Humerus and Radius 160.66 4.60
033 Humerus and Radius 163.33 4.60
124 Humerus and Radius 157.79 4.60
007 Humerus and Tibia 177.93 3.96
012 Humerus, Radius and Femur 171.83 3.66
144 Humerus, Radius and Femur 177.93 3.66
003 Radius 165.06 4.97
090 Radius 178.69 4.97
111 Radius 180.29 4.97
131 Tibia 167.56 3.66
010 Ulna 182.89 4.99
099 Ulna 164.60 4.99
1all measurements in centimetres and to two decimal places  
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Appendix C: Individual Stature Estimations (cont.) 
Table C5: Summary Table of individual stature estimations and elements utilised for females in 
Phase C 
 
Skeleton ID Element Utilised Stature Estimation1 Standard Error1
034 Femur 165.28 3.72
085 Femur 157.38 3.72
103 Femur 157.38 3.72
163 Femur 166.76 3.72
002 Femur and Tibia 154.12 3.55
008 Femur and Tibia 146.94 3.55
020 Femur and Tibia 164.39 3.55
030 Femur and Tibia 160.39 3.55
069 Femur and Tibia 163.61 3.55
092 Femur and Tibia 160.77 3.55
088 Fibula 157.63 3.57
059 Humerus 165.97 4.45
039 Humerus and Radius 168.95 4.04
042 Radius 152.70 4.24
349 Tibia 170.17 3.66
038 Ulna 158.90 4.30
106 Ulna 160.61 4.30
1all measurements in centimetres and to two decimal places  
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Appendix D: Summary table of collected social, environmental and pathological data for European sample sites                                                       
Site Name
Climatic 
Period
Köppen 
Classification1
Settlement 
Type
Diet2 Latitude ELV DTC % CT % CTI %AI % AA % AMTL % LEHT % LEHI % CO % NSI Mean %NSII % NSIT MCS
Kastella MWP Csa R M 35.2019 11 0 3.4 5.7 11.4 9.7 8.6 6.9 5.7 8.1 157.50
Eleutherna NK Csa NK M 35.3240 406 9.5 2.9 9.0 2.0 1.3 5.0 4.9 7.0 2.8 164.50
Messene NK Csa NK M 37.1030 319 19.3 3.6 2.2 9.1 9.1
Korytiani MWP Csa R C 39.2810 25 10.7 8.2
Iberian Peninsula (Medieval) NK Csb NK C 40.1800 795 189 4.7 14.1
Iberian Peninsula (Modern) LIA Csb NK C 40.1800 884 586 11.7 40.3
Sourtara Galaniou Kozanis NK Csa NK C 40.2211 655 60.9 3.7 1.8 0.4 2.5 3.6 161.00
Iznik NK Csa U M 40.2544 99 39.2 11.1 15.4 6.9
Vicenne-Campochiaro NK Csb R CP 41.2855 490 65.1 15.1 79.5 86.6 94.3 5.7 5.7
Quadrella NK Cfb U C 41.3545 476 58.3 15.0 71.6 20.3 1.1 78.3 92.5 13.0 13.0
Vilarnau d'Amont NK Csa R C 42.4212 34 5.7 18.0 3.4 6.6
Nin LIA Csa U CP 44.1432 6 0 9.6 13.5 17.9 12.1 12.1
Požega Cathedral NK Cfb U C 45.1953 160 211.5 18.4 74.0 19.6
Ðakovo LIA Cfb U NK 45.3099 110 255.7 11.5 12.4 40.7
Bijelo Brdo MWP Cfb R C 45.3103 91 291.5 10.3 50.7 7.3
Nova Rača LIA Cfb R NK 45.4758 129 182 10.7 10.9 27.3
Unterseen LIA Dfb U C 46.4105 579 262.7 32.6 6.5
Bern-Schanze NK Cfb U C 46.5652 583 299.9 72.9 13.8
Oberbueren NK Cfb R C 47.2705 506 340.1 49.1 8.3
Nusplingen NK Cfb R C 48.0759 725 406.2 8.4 58.6 11.7 1.2 12.0 3.3 9.4 34.1 25.9 25.9 168.15
Vienna NK Cfb U C 48.2081 172 341.7 14.9 23.8
Borovce MWP Cfb R NK 48.3425 162 449.3 27.1 35.3
Pleidelsheim NK Cfb U C 48.5729 195 471.6 5.9 57.3 24.0 1.4 13.9 3.1 10.4 12.9 5.9 5.9 167.31
Christ Church NK Cfb U CP 51.3108 32 55.1 19.1 73.4 15.1 162.05
Raunds Furnells MWP Cfb R NK 52.2030 52 74.5 11.7 13.7 13.7 164.50
St Helen-on-the-Walls LIA Cfb U NK 53.5735 18 55.7 6.1 1.2 18.0 67.9 45.8 29.9 61.8 163.35
Wharram Percy NK Cfb R CP 54.0403 147 28.7 10.3 67.9 56.3 6.6 15.6 47.6 19.2 5.9 8.1 5.4 163.30
Whithorn LIA Cfb U CP 54.4405 62 3.2 8.2 9.0 24.9 9.1 11.6 163.00
Jutland LIA Cfb NK C 55.3746 68 25.6 41.0 10.8 28.6 31.0
Hallow Hill NK Cfb U NK 56.1952 32 1.8 4.0 27.1 167.50
Aberdeen LIA Cfb U C 57.0858 17 0 5.5 36.5 4.8
Gothenburg NK Cfb U CP 57.4231 36 0 11.6 60.3 2.8
Smörkullen NK Cfb U CP 58.1600 113 118 46.2 91.7 46.1 7.9 8.8 16.5 37.0
Turku LIA Dfb U CP 60.2706 17 0 15.0
Thjodhild's Church MWP ET R CP 61.0915 74 0 0.0 0.0 6.8 24.1 167.30
Library Site (All Phases) NK Dfc U CP 63.2549 5 0 4.5 26.2 21.1 2.3 4.1 1.8 6.4 30.0 17.7 18.8 17.6 167.64
Nidaros Cathedral, Trondheim NK Dfc U NK 63.2549 5 0 62.5 20.0 12.5 11.1 11.1 163.50
Viðey NK Cfc U NK 64.0951 13 0 20.0 24.0 48.0 29.4 29.4 162.50
Haffjarðarey LIA Cfc R NK 64.4522 0 0 6.7 46.7 27.3 18.2 18.2 167.50
ELV: elevation; DTC: distance to coast; CT: caries by tooth; CI: caries by individual; ADPI: alveolar defects of pathological origin by individual; ADPA: alveolar defects of pathological origin by alveoli; LEHT: linear ename hypoplasia by tooth;
LEHI: linear enamel hypoplasia by individual; CO: cribra orbitalia; NSIM: mean non-specific infection; NSII: non-specific infection by individual; NSIT: non-specific infection by tibia; MCS: mean combined stature (male and female)
MWP: Medieval Warm Period; LIA: Little Ice Age; NK: not known; U: urban; R: rural, 
1see Table 10.2
2see Table 10.3
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Appendix E: Scatter plots of correlations of pathological variables 
 
Figure E1: Regression analysis of rates of dental caries by tooth against rates of linear enamel 
hypoplasia by tooth 
 
Figure E2: Regression analysis of rates of dental caries by tooth against rates of mean non-
specific infection 
 
Figure E3: Regression analysis of rates of cribra orbitalia against rates of mean non-specific 
infection 
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Appendix E: Scatter plots of correlations of pathological variables (cont.) 
 
Figure E4: Regression analysis of rates of alveolar defects of pathological origin by alveoli 
against rates of ante-mortem tooth loss by alveoli 
y = -0.041x + 166.8
R² = 0.101
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Figure E5: Regression analysis of rates of cribra orbitalia against mean combined stature  
 
 
 
 
 
